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INTRODUCTION 
The first summer of life is one of the most critical periods of time 
during the life of fishes. If reproduction, survival, and development are 
good during the first few months after spawning, a given year class should 
usually produce good yields to the fishery. However, the factors affecting 
year class success and growth of fishes are often unknown or, at best, 
poorly understood. 
There have been relatively few studies on the ecology of young warm 
water fishes. More often age group 0 fish are either excluded or mentioned 
briefly. Some studies which have critically analysed the young-of-the-year 
populations of certain species include: Raney and Lachner (1942) on some 
aspects of the early development of yellow pike-perch in Oneida Lake, New 
York; Bonn (1953) who studied the food and growth of young white bass in 
Lake Texomaj Carlander, et al. (1953) on the yellow bass of Clear Lake, 
Iowaj Pycha and Smith (1955) on the early life history of the yellow perch 
of the Red Lakes, Minnesota; and Maloney and Johnson (1957) on the early 
development of walleyes and yellow perch and the relationship between these 
two species in Mille Lac and Lake Winnibigoshish, Minnesota. There are 
many others who have also considered the young fish to some extent. 
Only the last paper, of those mentioned above, considered more than 
one species. Relatively little is known concerning the interrelationships 
of fishes. Larkin (1956) made a comprehensive review of the interspecific 
relationships involving fishes. Rather than find much information on this 
topic, he found that cases where competition have been proven are rare. 
Furthermore, the actual controlling mechanisms are least understood of all. 
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The lack of understanding of the underlying causes and effects con­
trolling the success of year classes in terms of strength and growth remains 
a primary problem facing fishery biologists today. Usually year class suc­
cess has been measured by the yield of a given year class to the fishery 
(Doan, 1942; Hile, 1954» Smith and Krefting, 1954# and Fry and Watt, 1957). 
Undoubtedly the yield of the year class to the fishery is the most obvious 
measure of its success or value to man. Certain individuals have gone 
further and attempted to predict future yields from the abundance of younger 
fishes. Herrington (1948) used a scrod index, an index to the numbers of 
young haddock, to predict future yields of that species. Van Oosten and 
Hile (1949) recognized that the success of a given year class was probably 
decided by the end of the fry stage of development. Therefore, if the 
success in terms of young fish in the population after the fry stage is 
determined, a fairly good means of predicting future yields should become 
available. However, the basic factors which actually control the success 
of a year class are still not understood. 
Studies attempting to obtain an understanding of the factors which in­
fluence growth are more numerous. In fact, the growth of fishes has been 
a major topic of study in recent years (Carlander, 1956). Lagler (1944) 
realized the lack of and need for quantitative knowledge from which inter­
pretations of the influences on growth by various factors can be made. 
Van Oosten (1944) briefly reviewed most of the factors which have been 
more commonly considered including food supply, temperature, space, and 
rainfall but also acknowledged our lack of understanding of these factors. 
More recently, Brown (1957) reviewed the experimental studies on growth 
factors. Among those factors she considered which might apply to the young 
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of warm water fishes in a lake are: hierarchical effects; parental effects; 
food quality and quantity; and environmental effects such as temperature, 
light, water chemistry, space, and water movements. 
The fish populations of Clear Lake, Iowa, have been studied since 1946 
with some collections being made from 1941 to 1943. The ultimate goal of 
this program is an understanding of the mechanics controlling or affecting 
the fish populations of the lake. Carlander (1950) outlined the general 
procedure of study and the goals. Most of the early work has been designed 
to establish the role of each of the more important species in the economy 
of the lake. Since the status of these species has been fairly well de­
termined but with the emphasis on the older fish, the present study was 
intended to obtain a better under standing of their early development. 
Rather than consider a single species, all game fishes were considered. 
By studying several species of young fish as a unit, interrelationships 
between them should become evident. Also, an understanding or detection 
of some of the factors which influence the success and development of a 
given year class of fish should be possible. Once the controlling mechanisms 
are detected, the fish population could be managed to yield the best harvest 
under prevailing conditions or the conditions could be managed to provide 
a larger harvestable crop. 
The problem of proper sampling apparently has not been considered in 
very many early studies. Too often, more effort has been directed toward 
analysis of the data collected with little attention being given the va­
lidity of the data and the conclusions resulting from them. Dice (1945), 
in his paper on the association between species, realized the need for 
random sampling before statistical statements could be made concerning 
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estimates derived from the sample. Sampling is an important aspect of 
the present study and information concerning the design of future surveys 
was a primary objective. 
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DESCRIPTION OF THE STUDY AREA 
Clear Lake 
Since Clear Lake has been well described by Bailey and Harrison (194-5) 
and Pearcy (1953), only a brief description of the lake needs to be pre­
sented here. Clear Lake is a large, eutrophic lake located in Cerro Gordo 
County, in north-central Iowa (Figure l). This lake has a total area of 
about 3,640 acres. It is shallow with a maximum depth of about 20 feet and 
an average depth of about 12 feet. Because of the large area and shallow 
depth of this lake, chemical or thermal stratification rarely, if ever, 
occurs. The watershed, in addition to the lake, covers about 4800 acres of 
farmland, woodland and human habitations and there are no significant trib­
utaries which flow into the lake. Water flow over the outlet is limited to 
periods of high water and there was no outflow during 1956 and 1957. A 
large marsh, Ventura Marsh, located at the west end of the lake, is divided 
from the lake by an earthen fill and a water control structure. The lake 
is divided into two portions; a small, shallow (about 600 acres and 5 feet 
average depth) area at the west end of the lake and the main lake body. 
The littoral zone, which was of primary importance in this study, is 
generally wide, extending out an average of about 500 feet from the shore­
line. The bottom type of this zone is predominately sand or fine gravel. 
Some areas of rubble and others of organic muck do occur. 
The fauna of the lake is rather typical of hard water lakes. Large 
stands of aquatic vegetation generally are limited to the north and west 
shorelines of the lake. Emergent vegetation is dominated by giant bulrush, 
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Scirpus validus. and submergent vegetation is predominately composed of 
species of pondweed, Najadaceae, with Chara sp. also abundant. Some of the 
more abundant genera of plankton are: (Algae) Pediastrum. Scenedesmus« 
Melosira. Fragilaria. Ghroococcus. Microcystis. Lyngbea. and Anabaena: 
(Protozoa) Difflugia: (Rotifers) Keratella. Polvarthra. and Conochilus: and 
(Crustacea) Daphnia. Bosmina. and Cyclops. The walleye, Stizostedion 
vitreum. is the main predatory fish. Black bullheads, Ictalurus melas. and 
yellow bass, Roceus mississippiensis. have been the most abundant game 
species in the lake in recent years. Other common forms include bluegills, 
Lepomis macrochirus. black crappies, Pomoxis nigromaculatus. and yellow 
perch, Perca flavescens. Spottail shiners, Notropis hudsonius. northern 
common shiners, N. cornutis frontalis. bigmouth shiners, N. dorsalis. and 
fathead minnows, Pimephales promelas. are the more common minnows in the 
lake. Carp, Cyprinus carpio. is the most common rough fish. 
Sampling Stations 
Several basic requirements relative to the sampling stations seemed 
desirable. First, they must be suitable for sampling with bag seines. An 
area large enough to allow two seine hauls of about 75 feet each was needed. 
A suitable landing area was also required. The stations should sample each 
of the various types of habitat. Some difficulty was encountered when 
assigning stations to habitats because of the inability to precisely define 
the habitats. It is believed, however, that the major types of habitat as 
defined by bottom type and vegetation were sampled (Table l). The stations 
should be located around the entire lake shore to fairly represent the lake. 
Random assignment of stations would have been desirable from a statistical 
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point of view. However, since dense emergent vegetation, docks, or lack 
of beaching areas made seining impossible at many locations, random assign­
ment was not practical. Even though these unseinable areas differed in one 
or more respects from the sampled habitats, it is believed that as fish 
habitats they did not differ greatly from the areas sampled nearby. 
Other limitations on picking stations which were not considered in 
this study but should be included in future studies are: (l) homogeneity 
within a given sampling station; (2) proportionate sampling of habitats; 
and (3) adaptability to periods of high and low water level. The above 
factors will be considered in a later discussion. 
Twelve stations were used in 1956 and 1957. Seining at these locations 
was conducted according to a regular schedule involving all stations. An 
additional station established in 1957 to compare day and night catches 
did not have as many limitations imposed upon it. The only requirements 
of this latter station were that it be seinable and that a sample of most 
of the different species of fish could be obtained each week. 
Table 1. Combinations of bottom type and vegetation abundance at the 
various sampling stations3 at Clear Lake, Iowa. 
Bottom type 
Vegetation Muck Sand Gravel Rubble 
Sparse b 9,10 4 6 
Moderate b 5,10,11 2,4,8,11 b 
Heavy 1,3,7,22 1,5,12 2,3 b_ 
3 Assignment of stations by station numbers. 
b No major habitat of that type. 
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A complete description of each station is needed to analyse the ecolog­
ical relationships of the fishes (Table 2). An explanation of the descrip­
tive criteria is needed: (l) Each station was identified by a number and a 
location. (2) The position of each station in relation to the lake was de­
scribed (see also Figure l). (3) The average and maximum depths of the area 
seined were given in inches. These measurements are only approximate since 
there were differences in the water levels of the lake between years. Since 
the seine hauls were usually made with one end of the seine within a few 
feet of shore, the maximum depths are those found about 30 feet from shore 
and they indicate the morphometry of the seining area. (4) Emergent vege­
tation was almost entirely Scirpus validus and this form was limited to the 
periphery of the seining areas since seining could not be conducted through 
it. Submergent vegetation was composed principally of members of the pond-
weed family, Najadaceae. The pondweeds, Potamogeton spp., were separated 
into three general groups: the broad leaf forms which include P. illinoensis. 
P. natans. and P. nodosus: the clasping leaf forms which includes 
P. richardsonii: and the narrow leaf forms which includes P. pectinatus. 
(5) The protection from wind was given for each seining area since fish may 
have definite preferences concerning turbulence and its effects on the 
habitat. (6) The fish fauna was quite variable between stations. Whether a 
species was considered abundant or not was quite arbitrary and was usually 
determined entirely on the basis of numbers of individuals captured at that 
station. A species was considered common if small numbers were often cap­
tured or if large numbers were captured a few times at a station. Those 
species which were rare or absent either were taken only occasionally and 
only in small numbers or were not taken at a given station at all. 
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Table 2. Descriptions of the seining stations used at Clear Lake, Iowa, 
1956 and 1957. 
Station No. 1 (West Mcintosh) 
Location: 
Depth: 
Average: 
Maximum: 
Bottom type: 
Vegetation: 
Emergent: 
Submergent: 
Protection 
from wind: 
Fish: 
Abundant: 
West side of Mcintosh Woods State Park. 
6 inches. 
12 inches. 
Mucky sand. 
Dense stands of Scirpus validus along outer edge of 
seining area. A scattered stand of Sagittaria sp. in 
the shallower water. 
Seining was conducted through dense beds of Potamogeton 
cectinstus and Naias flexilis with some Potamogeton spp. 
and Chara sp. 
Good - protection by bulrushes and wooded area on either 
side. 
Largemouth bass, bluegills and pumpkinseeds, and black 
bullheads. 
Common: Yellow perch and black crappies. 
Rare or absent: Walleyes, yellow bass, and white bass. 
Remarks: Low water levels in 1957 required the relocation of this 
station 100 yards north. 
Station No. 2 (Sandbar) 
Location: 
Depth: 
Average: 
Maximum: 
Bottom type: 
Vegetation: 
Emergent: 
Submergent: 
Protection 
from wind: 
Fish: 
Abundant: 
Common: 
East side of the proximal end of the sandbar extending 
south from Mcintosh Woods State Park. 
14- inches. 
30 inches. 
Light gravel. 
Dense stands of Scirpus validus surround the seining area 
and seining was conducted around small patches of this 
vegetation. 
Large beds of Potamogeton spp. (broad leaf forms mainly) 
and some Vallisneria americana and Chara sp. also occur 
in this area. 
Fair - patches of bulrush on one side and sandbar on other. 
Largemouth bass, bluegills and pumpkinseeds, and black 
bullheads. 
Yellow perch, black crappies, and yellow bass. 
Rare or absent: Walleyes and white bass. 
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Table 2. (Continued) 
Station No. 3 (Black Rushes) 
Location: 
Depth: 
Average: 
Maximum: 
Bottom type: 
Vegetation: 
Emergent: 
Submergent: 
Protection 
from wind: 
East end of the large bulrush stand along the north shore. 
8 inches. 
24 inches. 
1956 - light gravel over half of the station and muck over 
the other half. 1957 - sandy muck throughout. 
A large stand of Scirpus validus surrounded the entire 
seining area on the lake side and some scattered 
Sagittaria sp. in the shallower water. 
Fairly dense beds of Potamogeton spp. (mainly the broad 
leaf forms and narrow leaf forms), Naias flexilis. and 
Chara sp. 
Good - large stand of bulrush on one side and shore on 
other. 
Fish: 
Abundant: 
Common: 
Largemouth bass and bluegills and pumpkinseeds. 
Yellow perch, black crappies, yellow bass, and black 
bullheads. 
Rare or absent: Walleyes and white bass. 
Remarks: Low water levels in 1957 required the relocation of this 
station 200 yards west. 
Station No. 4 (Garner Beach) 
Location: 
Depth: 
Average: 
Maximum: 
Bottom type: 
Vegetation: 
Emergent: 
Submergent: 
Protection 
from wind: 
Fish: 
Abundant: 
Common: 
Garner Beach along the north shore. 
18 inches. 
36 inches. 
Light gravel and sand. 
A narrow patch of Scirpus validus along one half of the 
area. 
Some Chara sp. and one small patch of Potamogeton spp. 
(broad leaf forms). 
Slight - open to all southerly winds except for some 
protection by the small patch of bulrush. 
Bluegills and pumpkinseeds and yellow bass. 
Yellow perch. 
Rare or absent: Walleyes, largemouth bass, black crappies, black bull­
heads, and white bass. 
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Table 2. (Continued) 
Station No. 5 (Fish Hatchery) 
Location: 
Depth: 
Average: 
Maximum: 
Bottom type: 
Vegetation: 
Emergent: 
Submergent: 
Protection 
from wind: 
Fish: 
Abundant : 
Common: 
State Fish Hatchery on the north shore. 
6 inches. 
14 inches. 
Sand. 
None. 
A dense patch of Potamogeton spp. (mainly the broad leaf 
forms) in about half of the area in 1956 but rather 
sparse in 1957. Some Chara sp. was also present in this 
area. 
Slight - open to southerly winds and protected only by 
the broad, shallow littoral zone. 
Bluegills and pumpkinseeds and yellow bass. 
Yellow perch and largemouth bass. 
Rare or absent: Walleyes, black crappies, black bullheads, and white 
bass. 
Station No. 6 (Outlet) 
Location: 
Depth: 
Average : 
Maximum: 
Bottom type: 
Vegetation: 
Emergent: 
Submergent: 
Protection 
from wind: 
Fish: 
Abundant: 
Common: 
Rare or absent 
Just north from the outlet to the lake on the east shore. 
20 inches. 
36 inches. 
Rubble. 
None. 
Very sparse - some Potamogeton spp. (broad leaf forms) 
and some Vallisneria americana but values as cover 
probably negligible. 
Slight - open to all westerly winds. 
No species could be considered abundant at this station 
since very few fish were taken. 
Walleyes, bluegills and pumpkinseeds, black crappies, 
yellow bass, and black bullheads. 
: Yellow perch, largemouth bass, and white bass. 
Station No. 
Location: 
Depth: 
Average: 
Maximum: 
Bottom type: 
(South Bay) 
South Bay in the southeast corner of the lake. 
6 inches. 
12 inches. 
Sandy muck. 
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Table 2. (Continued) 
Vegetation: 
Emergent: 
Submergent: 
Protection 
from wind: 
Fish: 
Abundant: 
Common: 
Rare: 
Remarks : 
Patches of Scirpus validus and some Eleocharis palustris 
occurred around the seining area. 
Dense beds of Potamogeton spp. (mainly the clasping leaf 
forms) with some Chara sp. 
Good - shore around much of the area and bulrushes around 
the rest. 
Largemouth bass, bluegills and pumpkinseeds, and black 
bullheads. 
Yellow perch and yellow bass. 
Walleyes, black crappies, and white bass. 
The direction and location of the seine hauls were altered 
slightly due to low water levels in 1957. 
Station No. 8 (Bayside) 
Location: 
Depth: 
Average: 
Maximum: 
Bottom type: 
Vegetation: 
Emergent: 
Submergent: 
Protection 
from wind: 
Fish: 
Abundant: 
Common: 
Bayside along the main2and shore at the point nearest to 
the island. 
18 inches. 
36 inches. 
Sand and light gravel. 
None. 
Scattered beds of Potamogeton spp. (mainly the broad and 
clasping leaf forms), Vallisneria americana. and Chara sp. 
Fair - the island and the main shore protects this station 
from all except easterly winds. 
Yellow perch, bluegills and pumpkinseeds, and yellow bass. 
Walleyes, black crappies, black bullheads, and white bass. 
Rare or absent: Largemouth bass. 
Remarks: Seining was conducted through the channel between the 
island and the main shore in 1956 but the channel was 
closed in 1957. 
Station No. 9 (Tanglefoot) 
Location: 
Depth: 
Average: 
Maximum: 
Bottom type: 
Vegetation: 
Emergent: 
Submergent: 
Along the eastern end of Tanglefoot Beach near Bishop 
Morrison Lodge on the south shore. 
18 inches. 
36 inches. 
Sand. 
None. 
Very sparse with a little Chara sp. but little else. 
Table 2. (Continued) 
14 
Protection 
from wind: Slight - open to all northerly winds. 
Fish: 
Abundant: Yellow bass. 
Common: Yellow perch and bluegills and pumpkinseeds. 
Rare or absent: Walleyes, largemouth bass, black crappies, black bull­
heads, and white bass. 
Station No. 10 (Farmer's Beach) 
Location: 
Depth: 
Average : 
Maximum: 
Bottom type: 
Vegetation: 
Emergent: 
Submergent: 
Protection 
from wind: 
Fish: 
Abundant: 
Common: 
East of the Public Access at Farmer's Beach in Clausen's 
Cove along the south shore. 
10 inches. 
18 inches. 
Sand. 
Two.small patches of Scirpus validus. 
Rather sparse with Chara sp. and some Potamogeton 
pectinatus. 
Slight - open to winds from the north and west. 
Yellow bass and black bullheads. 
Yellow perch, largemouth bass, bluegills and pumpkinseeds, 
and white bass. 
Rare or absent: Walleyes and black crappies. 
Station No. 11 (Boy Scout Camp) 
Location: 
Depth: 
Average: 
Maximum: 
Bottom type: 
Vegetation: 
Emergent: 
Submergent; 
Protection 
from wind: 
Fish: 
Abundant: 
Common: 
In the cove where the Boy Scout Camp boat dock has been 
located just west of Lone Tree Point within the west end 
of the lake. 
12 inches. 
18 inches. 
Light sandy gravel and some muck. 
A light stand of Scirpus validus. 
Scattered Pn-hflTnop-p.t.on spp. (mostly broad leaf forms), 
Vallisneria americana. and Chara sp. 
Fair - protected by the shoreline from all but north winds. 
Bluegills and pumpkinseeds, yellow bass, and black bull­
heads. 
Yellow perch, largemouth bass, and white bass. 
Rare or absent: Walleyes and black crappies. 
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Table 2. (Continued) 
Station No. 12 (Ventura Heights) 
Location: 
Depth: 
Average: 
Maximum: 
Bottom type: 
Vegetation: 
Emergent: 
Submergent: 
Protection 
from wind: 
Fish: 
Abundant: 
Common: 
Rare or absent 
Along the shore at the east end of the park area in 
Ventura Heights. 
8 inches. 
18 inches. 
Mucky sand. 
Limited to scattered Sagittaria sp. 
Dense beds of Potamogeton spp. (primarily the narrow 
leaf forms), Naias flexilis and Chara sp. 
Good - the shoreline protects this area from all but 
north and east winds and the dense beds of submergent 
vegetation reduce the effects of those. 
Yellow perch, bluegills and pumpkinseeds, and black 
bullheads. 
Largemouth bass, black crappies, and yellow bass. 
: Walleyes and white bass. 
Station No. 13 (Sandbar) 
Remarks: This station was essentially the same as Station 2 and 
was located about 100 yards south of that station. This 
station was not sampled in accordance with the regular 
sampling schedule and was used only in 1957. See the 
text. 
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MATERIALS AMD METHODS 
Information concerning numbers, growth, and food habits of young-of-
the-year fishes, plankton forms, bottom organisms, and higher vegetation 
was collected during the summers of 1956 and 1957. Research Unit biologists 
have seined young-of-the-year fishes at Clear Lake each summer since 1946 
with some collections being made in 1942 and 1943. The writer collected 
data from 1954 through 1957 and initiated the intensive study in 1956. 
Young-of-the-Year Fishes 
The young of 14 species of fish which might be considered as game or 
pan fish have been collected at Clear Lake (Table 3). Only eight species 
were numerous enough or important enough to the fishermen to be used for 
intensive study. These eight species include black bullheads, white bass, 
yellow bass, largemouth bass, bluegills, black crappies, walleyes, and 
yellow perch. Pumpkinseeds have been considered with bluegills since they 
could not be distinguished in the field when smaller than about 30 milli­
meters. 
Collections made prior to 1956 were not made systematically* Seining 
was usually done each week. If obtainable with a reasonable amount of 
effort, 50 fish of each species were measured and usually the excess were 
counted. The number of seine hauls and stations used depended upon the 
numbers of the different species which could be obtained. No set pattern 
of seining was followed and if all species could be collected at the first 
location seined, seining was terminated for that week. 
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Table 3. Checklist of the game and pan fishes whose young 
are found in Clear Lake, Iowa. 
Esocidae 
Esox lucius Linnaeus - northern pike 
Ictaluridae 
Ictalurus melas (Rafinesque) - black bullhead8 
I. natalis (LeSueur) - yellow bullhead 
I. punctatus (Rafinesque) - channel catfish 
Serranidae 
Roccus chrysops (Rafinesque) - white bass® 
R. miRsissippiensis (Jordan and Eigenmann) - yellow bass8 
Centrarchidae 
Micropterus salmoides salmoides (Lacépède) - northern 
largemouth bass8 
M. dolomieui Lacépède - smallmouth bass 
Lepomls gibbosus (Linnaeus) - pumpkinseed^ 
L. macrochirus Rafinesque - bluegill8 
Pomoxis annularis Rafinesque - white crappie 
£. r>ipromaculatus (LeSueur) - black crappie8 
Percidae 
Stizostedion vitreum vitreum (Mitchill) - walleye8 
Perca flavescens (Mitchill) - yellow perch8 
8 More common or important forms used for intensive study. 
b Considered with bluegills since could not separate young 
readily in the field. 
Stations 1 through 12 were used in the basic sampling schedule for 1956 
and 1957. The sampling scheme used was similar to the Latin square design 
(Snedecor, 1956, pp.304-310). Table 4 illustrates the sampling sched­
ule followed during the 1957 season. Essentially, a station was sampled 
Table 4* Sampling schedule for bag seining, Clear Lake, 1957. 
June July August Sept. 
Time 16-22 23-29 30-6 7-13 14-20 21-27 28-3 4-10 11-17 18-24 25-31 1-7 
0 - 2  2* 11 12 4 7 1 10 6 3 8 9 5 
TO
 1 10 7 8 12 3 9 6 2 11 4 5 1 
4 — 6  4 1 2 6 9 3 12 8 5 10 11 7 
6 - 8  3 12 1 5 8 2 11 7 4 9 10 6 
8 -10 6 3 4 8 11 5 2 10 7 12 1 9 
10-12 1 10 11 3 6 12 9 5 2 7 8 4 
12-14 9 6 7 11 2 8 5 1 10 3 4 12 
14-16 5 2 3 7 10 4 1 9 6 11 12 8 
16-18 8 5 6 10 1 7 4 12 9 2 3 11 
18-20 12 9 10 2 5 11 8 4 1 6 7 3 
20-22 7 4 5 9 12 6 3 11 8 1 2 10 
22-24 11 8 9 1 4 10 7 3 12 5 6 2 
* Numbers denote sampling stations. 
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every two hours during the weekly 24 hour sampling period so that each week 
every one of the 12 stations was sampled once. Also, the schedule pro­
vided that no station be sampled twice at the same time of day within a 
12 week period# 
Station 13 was not sampled in accordance with the above schedule. 
This station was sampled at noon and midnight once each week during the 
1957 season. 
A modified 30 foot bag seine was used for all seining for young-of-
the-year fishes during the summers of 1956 and 1957. This seine was com­
posed of one-half inch mesh in the wings, one-quarter inch mesh in the bag, 
and a cheese cloth patch (about 3 feet by 3 feet) in the center of the bag. 
Common sense seines and bag seines without the cheese cloth patch have been 
used prior to 1956. An electric shocker was tried but results were quite 
poor and no records of collections were kept for this gear. 
Two seine hauls were made at each seining station each week. Each 
haul covered a distance of about 75 feet and was made parallel to shore. 
One -end of the seine was usually kept within a few feet of the shore. An 
attempt was made to space the hauls so that fish captured in the first haul 
would not be recaptured in the second. 
Counts of each species captured were recorded for each seine haul. 
Minnows and adult game fishes also were counted. At Station 13 counts were 
the only records of fish catches made. At each regular station 30 fish of 
each species, if that many were available, were measured. All measurements 
were recorded as total length in millimeters during 1956 and 1957 although 
in other years measurements have been made in tenths of inches. Standard 
lengths were measured in 1942 and 1943. The latter measurements were all 
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adjusted to total length in millimeters using the most appropriate con­
version factor reported by Carlander (1953). The fish were returned to 
the water unless they were needed for food habit studies. 
All data were recorded on cards along with other pertinent field 
observations. 
Fish were collected for food habit studies at two stations, 3 and 8, 
in 1956. At these stations seining was conducted according to the sched­
ule described above. The fish that were measured were allowed to suffocate 
and then were preserved in a 10 per cent formalin solution. Thereby, 
samples of fish were obtained from two locations for each week of the 
summer and for all times of the day. 
Examination, identification, and tabulation of the stomach contents 
of the fish was conducted at the laboratory. Stomachs of 10 fish of each 
species from each collection, if that many had been collected, were 
examined. No intestinal examinations were made. Of the numerous methods 
of recording food habits data (Lagler, 1956, pp. 123-127), percentage volume 
seemed to be the most meaningful for the present study. Each food item was 
recorded as the percentage of the total food volume that it contributed. 
This percentage was merely an estimate since the volumes were usually 
too small to be measured accurately. In this manner the frequency of 
occurrence and the relative importance of the various food items could 
be determined. 
Plankton 
Plankton samples were obtained in 1956 at Stations 3 and 8 in accord­
ance with the seining schedule. Samples were obtained by passing four 
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quarts of water through a number 25 bolting silk net. The four quarts of 
water were obtained from throughout the seining station. 
All plariktonic forms were identified as closely as feasible using 
several references (Prescott, 1931; Prescott, 1951; Tiffany and Britton, 
1952; and Needham and Needham, 1953). However, only the zooplankton were 
of particular importance to the fish examined. 
Bottom Fauna 
Bottom samples also were collected at Stations 3 and 8 in 1956 
according to the seining schedule. Four samples were taken with a one-
quarter square foot Ekman dredge. The samples were rinsed in a screen box 
(number 30 brass screen) to eliminate the silt and fine materials and were 
then refrigerated until picking could be accomplished. In most cases the 
samples were not kept over two days before picking. 
Picking of the samples was accomplished in two steps. First, the 
bottom samples were thoroughly washed and the excess water was quickly 
poured through the screen box. This procedure was repeated several times 
until it was felt that most of the organisms had been washed out. The 
second step consisted of picking out the concentrated and washed organisms 
and preserving them in 10 per cent formalin. No attempt was made to recover 
organisms not washed out of the sand and gravel in the above manner. 
Tabulation of the bottom organisms was accomplished by identifying the 
various forms, counting the numbers of each group of organisms in each 
sample, and measuring the total volume of each sample. Finally the four 
samples from each station could be combined to obtain an estimate of the 
bottom fauna composition and abundance for one square foot. These data 
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could then be used to correlate the food habits of the fishes with the 
bottom fauna composition. 
Higher Plants 
Observations on the higher plants were required to describe the 
habitats of the lake generally and of the stations specifically. No 
quantitative data were recorded. 
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HABITAT SELECTION AND ASSOCIATIONS 
The 1956 and 1957 sampling was designed to sample all seinable habitats 
and to sample each station equally. It is, therefore, possible to learn 
something about the habitat selection of the various species from the 
seining data. 
First the percentages of the total catch of each species in 1956 and 
1957 were calculated for the 12 stations (Table 5). The catches at any 
particular station of a given species should be expected to vary between 
the two years. Some differences of catches of particular species at cer­
tain stations between years were larger than might be expected due to 
sampling variation. The differences between catches required to be con­
sidered significant were not measured but generally differences greater than 
a threefold increase or decrease have been so considered. Some speculation 
as to the possible mechanisms causing the differences obtained should yield 
a better understanding of the habitat requirements of the various species in 
Clear Lake. Since Stations 1 and 3 were relocated in 1957, the differences 
between the 1956 and 1957 catches of young-of-the-year yellow perch, large-
mouth bass, bluegills and pumpkinseeds, black bullheads, and white bass at 
these two stations may be the result of the relocation. Low water levels 
which either resulted in habitat changes or forced an alteration of sampling 
procedure within particular stations possibly explain the differences in 
catches of young-of-the-year largemouth bass, bluegills and pumpkinseeds, 
black crappies, black bullheads, and white bass at Stations 5, 7, 8, and 
10. Stocking of fingerling largemouth bass at various locations at Clear 
Lake in 1956 possibly upset the natural distribution of this species causing 
Table 5. Percentage of the total catch of certain species of young-of-the-year fishes captured 
with equal amounts of seining at each station at Clear Lake, Iowa, 1956 (top line) and 
1957 (bottom line). 
Species Stations Total 
1 2 3 4 5 6 7 8 9 10 11 12 Number 
Yellow 14.3 8.8 3.8 2.8 3.4 0.3 6.6 7.8 0.7 1.2 2.5 47.6 1,249 
perch 0.6 29.0 3.3 1.0 4.7 0.2 12.4 14.0 4.7 4.3 5.8 20.0 514 
Walleye 3.0 11.4 4.6 3.0 16.7 6.8 13.6 22.7 1.5 8.3 8.3 0.0 132 
0.0 U.3 0.0 14.3 0.0 0.0 14.3 0.0 0.0 57.1 0.0 0.0 7 
Largemouth 49.4 6.3 8.7 0.4 . 3.6 0.1 21.6 0.7 0.0 1.1 1.3 6.9 1,617 
bass 14.9 20.2 44.8 0.7 0.7 0.1 8.2 0.1 0.1 1.3 5.3 3.7 1,673 
Bluegill & 30.8 13.9 16.0 1.7 7.6 1.3 12.8 4.5 0.4 2.4 4.0 4»4 11,585 
Pumpkinseed 23.4 13.6 26.9 1.0 1.2 1.2 11.5 0.9 0.7 0.6 4.0 15.2 9,897 
Black 18.7 35.8 11.2 1.1 0.5 4.0 0.4 6.9 0.4 2.4 2.4 16.3 551 
crappie 14.6 35.8 24.2 0.6 0.0 0.6 3.6 1.2 1.2 0.0 3.6 14.6 165 
Yellow 0.8 5.9 1.8 35.7 6.2 4.0 0.6 4.4 32.7 4.5 2.4 1.0 8,785 
bass 0.1 4.6 a 5.8 14.0 10.0 0.2 9.7 35.2 12.4 3.1 4.8 2,384 
Black 48.2 38.6 0.0 0.0 0.5 0.0 2.5 0.0 0.0 0.6 0.1 9.5 6,193 
bullhead 9.1 6.1 13.9 0.1 0.0 1.4 8.7 8.3 0.2 14.4 15.9 21.9 1,732 
White 3.2 27.1 0.6 1.0 3.9 2.3 0.0 16.4 0.3 20.3 21.0 3.9 310 
bass 0.0 9.6 13.5 9.6 19.2 0.0 0.0 13.5 3.8 21.2 0.0 9.6 52 
a Indicates trace. 
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the differences between the 1956 and 1957 catches at Stations 2, 7, and 
11. Sampling variation due to catching over 2,000 young-of-the-year yellow 
bass at Station 4 during a single sampling time would account for most of 
the difference between catches of this species at this station in 1956 and 
1957. A sample of only seven young-of-the-year walleyes captured during 
1957 would account for the differences obtained between catches of this 
species for the two years. There seemed to be no obvious explanation for 
the differences between the 1956 and 1957 catches of young-of-the-year 
yellow perch, bluegills and pumpkinseeds, black crappies, yellow bass, 
black bullheads, and white bass at Stations 2, 4, 6, 9, 11, and 12. The 
extent to which these differences might be explained by the higher popula­
tion levels for most species in 1956 causing fish of a given species to 
occupy habitats not occupied in 1957 by that species is not known. 
Realizing that differences did exist between catches of young-of-the-
year fishes in 1956 and 1957 at the various stations, some general state­
ments concerning the requirements of each species can now be made by 
referring to the habitat descriptions of each station in Table 2. Although 
the classification must be quite subjective, the stations can be ranked 
from most to least vegetated as follows: 1, 3, 12, 7, 2, 11, 5, 8, 10, 4, 
9, and 6. Yellow perch were more abundant in areas of heavy vegetation, 
showed some preference for moderately vegetated habitats as well in 1957, and 
were least abundant in habitats characterized by sparse vegetation. Wall­
eyes and white bass seemed to require moderate amounts of vegetation and 
were seldom captured in areas with sparse vegetation and sandy bottom. 
Largemouth bass were relatively restricted to the habitats characterized by 
heavy vegetation and were less abundant where vegetation was generally mod­
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erate or sparse. Bluegills and pumpkinseeds, black crappies, and black 
bullheads had approximately the same requirements as largemouth bass. 
Yellow bass seemed to require areas where vegetation was sparse and the 
bottom was sand or gravel and were seldom captured in heavily vegetated 
habitats. 
The above generalizations indicate briefly the habitat requirements of 
the more important fishes in Clear Lake. However, there were some excep­
tions to the generalizations made which should be mentioned. These excep­
tions, in part, reflect the lack of homogeneity of the habitats within the 
stations used and the other causes of differences between catches of a 
given species in the two years which have been mentioned earlier. The low 
abundance of young-of-the-year yellow perch at Station 3, although this 
station was very similar to Stations 1 and 12 where this species was abun­
dant, could not be explained. The absence of young-of-the-year walleyes at 
Station 12 can be explained by the distant location of this station in 
respect to the natural spawning areas for this species. Also, the small 
number of walleyes captured makes close interpretation of their habitat 
requirements less precise. There was no obvious reason for the relatively 
low numbers of young-of-the-year largemouth bass captured at Station 12 
even though large numbers were collected in similar habitat at Stations 1, 
3, and 7. Also unexplainable was the fact that young-of-the-year bluegills 
and pumpkinseeds were also less numerous at Station 12 even though they 
were abundant in similar habitat at Stations 1, 3, and 7. The low numbers 
of young-of-the-year black crappies and white bass at Station 7 might be 
explained by the relative isolation of this type of habitat from similar 
habitat at Stations 1, 3, and 12. The same reasoning might explain the low 
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numbers of young-of-the-year black bullheads captured at Station 7 but no 
observations indicate why they were not numerous at Station 3 and espec­
ially their absence from that station in 1956. The situation indicated 
for the last three species is complicated by the fact that bluegills and 
pumpkinseeds were not particularly affected by the isolation of Station 
7 in relation to their occupancy of that type of habitat. 
Because of the similarity of habitat selection, certain species tend 
to be associated together. By separating the habitats or stations into 
three arbitrary groups for each species, the associations of the various 
species were analysed (Table 6). If the percentage of the total catch of 
a given species were less than 2 per cent at a station, the habitat at that 
station was considered to be poor. Similarly, catches of between 2 and 10 
per cent of the total indicated fair habitat and catches over 10 per cent 
of the total indicated good habitat. On the basis of these criteria the 
young-of-the-year fishes could be paired to indicate rather definite re­
quirements for the same habitat (Table 7). Bluegills and pumpkinseeds and 
black crappies occurred in approximately the same percentage at the largest 
number, 19, of the stations and the largemouth bass-bluegill and pumpkin-
seed combination was next with 17. A further analysis indicated that the 
yellow perch, largemouth bass, bluegills and pumpkinseeds, black crappies, 
and black bullheads, as a group, required the habitats characterized by 
dense vegetation. A second group which would include the walleyes and 
white bass seemed to require the moderately vegetated habitats. Yellow 
bass which were most abundant in sparsely vegetated habitats with sandy 
bottoms, notably, had no common habitat requirements with any other species 
except possibly white bass. 
Table 6. Numbers of stations at which each pair of species of some young-of-the-year fishes 
were captured in approximately equal percentages of the total catch of each species 
at Clear Lake, Iowa, 1956 and 1957. 
Yellow Largemth. Bluegill Black Yellow Black White 
Walleye8 bass & Pmksd. orappie bass bullhead bass 
Gb F° pd G F P G F P G F P G F P G F P G F P G F P 
Yellow 
perch 0 3 0 0 3 1 2 4 5 4 4 4 4 3 3 0 5 1 1 1 5 1 2 2 
Walleye8 0 3 1 • 1 0 0 1 1 1 2 2 1 1 3 1 0 3 1 1 0 1 2 2 1 
Largemouth 
bass 2 4 5 1 1 1 0 0 0 5 3 9 4 2 8 0 4 0 2 2 10 1 3 3 
Bluegill & 
Pumpkinseed 4 4 4 2 2 1 5 3 9 0 0 0 7 4 8 0 5 0 4 1 7 2 2 3 
Black 
crappie 4 3 3 1 3 1 4 2 8 7 4 8 0 0 0 0 5 1 4 1 7 2 1 4 
Yellow 
bass 0 5 1 0 3 1 0 4 0 0 5 0 0 5 1 4 0 1 1 2 1 2 5 4 
Black 
bullhead 1 1 5 1 0 1 2 2 10 4 1 7 4 1 7 1 2 1 1 1 0 3 2 4 
White 
bass 1 2 2 2 2 1 1 3 3 2 2 3 2 1 4 2 5 4 3 2 4 2 0 1 
Number of 
stations 6 12 6 4 6 2 5 7 12 9 6 9 8 6 10 6 11 7 6 6 12 8 8 8 
a Only 1956 walleye catch data were used since 1957 catch was not representative, 
k Good or catches above 10 per cent of the total catch of a given species. 
c Fair or catches between 2 and 10 per cent of the total catch of a given species. 
^ Poor or catches below 2 per cent of the total catch of a given species. 
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Table 7. Number of times which certain pairs of young-of-the-year fishes 
that seem to be associated together appear at the same stations 
in approximately the same percentage of the total catch of each 
species, Clear Lake, Iowa, 1956 and 1957a. 
8-11 12 or more 
Yellow perch & 
Largemouth bass 
Yellow perch & 
Bluegill and Fumpkinseed 
Yellow perch & 
Black crappie 
Largemouth bass & 
Bluegill and Fumpkinseed 
Walleye & 
Yellow perch" 
Largemouth bass & 
Black bullhead 
Walleye & 
Bluegill and Fumpkinseed^ 
Bluegill and Fumpkinseed & 
Black crappie 
Walleye & 
Black crappie'3 
Bluegill and Fumpkinseed & 
Black bullhead 
Walleye & 
Yellow bass*3 
Black crappie & 
Black bullhead 
Walleye & 
White bass*3 
Yellow bass & 
White bass 
Black bullhead & 
White bass 
a Based upon data presented in Table 6. 
b Comparisons for walleyes based only upon 1956 data and therefore 
the number of occurrences varies from 4 to 5. 
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The cross classification of a species with itself in Table 6 indicates 
the number of times that a given species was the only species to occur at 
a particular level of abundance at various stations. Yellow bass generally 
occurred in highest abundance at stations where other species were not 
abundant which further indicates their relative nonassociation with other 
fishes. 
The above analysis of habitat requirements of some young-of-the-year 
fishes from Clear Lake would indicate how the habitat might be manipulated 
to favor any species or group of species. However, even though certain 
species were more abundant in particular habitats, there is no evidence 
that they have better survival rates in those habitats. Also, this analy­
sis does not consider how well the fish grew in the various habitats. 
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FOOD HABITS OF YOUNG-OF-THE-YEAR FISHES 
Concurrent with the 1956 seining schedule the young-of-the-year fishes 
collected at Stations 3 and 8 were preserved for a study of their food 
habits. This study was not intended to be an intensive study of the foods 
eaten but, rather, a study of the relationships between the food items 
present as bottom fauna and plankton and the food items eaten by the var­
ious species of young-of-the-year fishes. Detection of existing relation­
ships between species such as prédation and competition also were desirable 
and will be considered in following sections. 
The food habits of seven species of young-of-the-year fishes were 
tabulated for three time periods: those fish caught from June 17 to July 
14; those caught from July 15 to August 11 j and those caught from August 
12 to September 1 (Table 8). The food habits of these species can then be 
summarized according to the changes that occurred as the summer progresses 
and/or as the fish grew larger. The general trends were very similar to 
those reported for North Twin Lake fishes by Kntkuhn (1955). Early in the 
summer young-of-the-year yellow perch showed a preference for Entomostraca 
but later consumed more immature insects and Hvalella. Parsons (1950) 
noted numerous caddis flies and few Entomostraca in the stomachs of age 
group 0 yellow perch from Clear Lake although the rest of his findings 
agreed quite well with this study. Young-of-the-year walleyes changed 
from a diet of Entomostraca to predominately fish as the season progressed. 
Young-of-the-year largemouth bass ate more Entomostraca early in the season 
but fed more on immature insects later during the summer. Young-of-the-
year bluegills and pumpkinseeds preferred the Entomostraca throughout the 
Table 8. Food habits of some young-of-the-year fishes from Clear Lake, Iowa, expressed 
as the percentage of total food content for Stations 3 and 8, 1956. 
Species Yellow perch Walleye 
Date 6/17-7/14 7/15-8/11 8/12-9/1 6/24-7/14 7/15-8/11 8/12-9/1 
Stations 3 8 3 8 3 8 3 8 3 8 3 8 
Number examined 11 0 24 27 3 29 0 2 5 8 0 4 
Number empty 0 - 0 5 0 0 - 0 3 1 - 2 
Ave. length (mm.)a 42 - 56 58 76 64 - 36 68 64 - 82 
Food items: 
Insect 
Chironomidae 31 - 27 3 16 9 - — - 27 —  —  
Ephemerida 25 - 26 15 12 - - - - - —  —  
Zygoptera - - 10 - 27 3 - - - - —  —  
Corixidae - - - - — - - - - - —  —  
Adult Diptera - - - - - - - - - - - -
Other*3 c - 5 1 33 2 - - - - —  —  
Unidentified - - - - - - - - - - —  —  
Crustacea 
Hyalella 17 - 25 55 12 55 - - - - —  —  
Entomostraca 27 - 6 4 - 10 - 100 - 8 —  —  
Unidentified — —  —  —  — —  2 — - - 12 —  —  
Fish - - —  - - - - - 100 48 - 100 
Other" —  —  —  - - - ** - - - —  —  
Unidentified - - 1 22 - 19 - - - 5 —  —  
a Average total length after preservation of fish examined. 
b Includes Anisoptera, Trichoptera, Coleoptera, Gerridae, Orthoptera, and Ceratopogonidae. 
0 Trace. 
^ Includes Hydracarina and Lyngbea. 
Table 8, (Continued) 
Species Largemouth bass Bluegill & Fumpkinseed 
Date 6/17-7/14 7/15-8/11 8/12-9/1 7/8-7/14 7/15-8/11 8/12-9/1 
Stations 3 8 3 8 3 8 3 8 3 8 3 8 
Number examined 21 2 32 5 16 1 10 0 39 26 30 30 
Number empty 0 0 2 2 0 0 0 - 0 11 0 3 
Ave. length (mm.)a 29 27 45 41 61 64 15 - 22 22 30 31 
Food items: 
Insect 
Chironomidae 13 8 29 2 1 100 - - 23 20 16 46 
Ephemerida 22 - 19 27 1 - 4 - - - 4 -
Zygoptera - - 7 - 48 - - - - - c -
Oorixidae 2 - 2 — 6 - - - - - - -
Adult Diptera - - - - 9 - - - - - - -
Other" 2 - 4 - 14 - - - - c 3 1 
Unidentified - - 10 - - - c - - 6 - -
Crustacea 
Hvalella 3 - 5 - 4 - - - 1 15 16 28 
Entomostraca 55 55 6 47 - - 96 - 68 52 57 20 
Unidentified - - 5 21 - - - - - - - -
Fish 3 - 11 — 17 - - - - - — -
Other* - - - - - - - - 8 7 4 5 
Unidentified - 37 2 3 - - - - - - - -
Table 8, (Continued) 
Species Black crappie Yellow bass White bass 
Date 7/22-8/11 8/12-9/1 7/15-8/11 8/12-9/1 7/22-8/11 8/12-9/1 
Stations 3 8 3 8 3 8 3 8 3 8 3 8 
Number examined 3 11 20 12 2 32 20 21 0 22 2 10 
Number empty 0 1 0 1 0 4 0 5 - 3 0 2 
Ave. length (mm.)* 32 36 48 51 40 47 60 58 - 63 90 86 
Food items: 
Insect 
Ghironomidae - 21 1 9 2 13 23 10 - 15 - 41 
Ephemerida - - 1 3 - - - - - 3 - -
Zygoptera - - - - - - - - - - — -
Corixidae 
Adult. Diptera - - - - - - - - - - - 16 
Other6 - - - - - c - - - - - 7 
Unidentified - 9 - - - - - 2 - 1 40 8 
Crustacea 
Hvalella - 37 - 20 - 24 - 12 - 16 - 4 
Entomostraca 100 22 98 38 98 63 74 70 - 31 60 24 
Unidentified - 9 - 22 - — — - - - 5 - -
Fish - - - - - - - - - 5 - -
Other - - - - - - - 1 - - - -
Unidentified — 2 — 8 — — 3 5 — 24 — — 
season but consumed progressively more immature insects and Hyalella as 
they grew larger. Young-of-the-year black crappies fed almost entirely 
upon Entomostraca and some Hyalella throughout the season. Entomostraca 
were the preferred food of young-of-the-year yellow bass throughout the 
season but increasing amounts of immature insects were taken as the fish 
grew larger. Young-of-the-year white bass fed primarily on Entomostraca 
early in the season but consumed more insects, immature and adult, later 
in the summer. No young-of—the-year black bullheads, the other species 
which has been considered important throughout this study were captured at 
either Station 3 or Station 8 in 1956. Forney (1955) found that young-of-
the-year bullheads preferred Entomostraca when they were smaller and ate 
more Hyalella and insects later in the season. 
Some generalizations concerning the food habits of the young-of-the-
year game fishes of Clear Lake can be made from the above analysis and 
other observations. Most species eat Entomostraca early in the summer 
while later as they grow larger they continue to eat Entomostraca or ate 
increasing amounts of immature insects, Hyalella. or fish depending upon 
which species is being considered. More often than not an individual fish 
will eat predominately a single form rather than a variety of food items. 
On the basis of empty stomachs, the fish seemed to feed less at night 
and were more often without food in their stomachs at Station 8 than at 
Station 3 (Table 9). Exceptions to the above statement were walleyes 
which were more often empty at Station 3 and during the day and yellow bass 
which were more often empty during the day. There was no obvious explana­
tion for the differences in feeding habits between stations except that a 
lower amount of food was probably available at the former station (Table 10). 
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Table 9. Percentage of empty stomachs observed for some young-
of-the-year fishes collected during the day (6:00 AM -
6:00 PM) and night (6:00 PM - 6:00 AM) at Stations 3 
and 8, Clear Lake, Iowa, 1956. 
Station 3 8 
Time of day Day Night Day Night 
Yellow perch 
Number examined 23 14 28 28 
Number empty 0 0 0 5 
Percentage 0 0 0 18 
Walleye 
Number examined 3 2 4 9 
Number empty 2 1 2 1 
Percentage 67 50 50 11 
Largemouth bass 
Number examined 29 40 2 6 
Number empty 0 2 0 2 
Percentage 0 5 0 33 
Bluegill & Fumpkinseed 
26 Number examined 50 29 30 
Number empty 0 0 0 U 
Percentage 0 0 0 47 
Black crappie 
Number examined 13 10 2 21 
Number empty 0 0 0 2 
Percentage 0 0 0 10 
Yellow bass 
Number examined 10 12 21 32 
Number empty 0 0 9 0 
Percentage 0 0 43 0 
White bass 
Number examined 0 2 2 30 
Number empty 0 0 5 
Percentage 0 0 17 
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Table 10. Bottom fauna expressed as percentage of the total number for 
Stations 3 and 8 at Clear Lake, Iowa, 1956. 
Date 5/20-6/16 6/17-7/14 7/15-8/11 8/12-9/1 
Stations 3 8 3 8 3 8 3 8 
Insect 
Diptera 
Chironomidae 82 68 90 84 86 72 77 70 
Ceratopogonidae 1 2 a 1 1 a a 1 
Tabanidae - - - - a - - -
Ephydridae - - a - - - - -
Ephemerida 11 4 6 1 8 1 10 1 
Zygoptera - . - a - a - a a 
Trichoptera 3 1 a 1 1 1 1 1 
Coleoptera - - - - a - - -
Hvalèlla 1 6 1 7 2 14 6 16 
Hydracarina - a a a a a a 
Mollusca 
Gastropoda - - - a - a a a 
Pelecypoda - - - a a a - a 
Annelida 
Oligochaeta 3 17 2 5 2 12 4 10 
Hirudinea a - a a a a a a 
Nematode 1 1 a a a a a a 
Turbellaria - 1 - - - a - a 
Unidentified — — — — — — a — 
No./Sq. Ft. 126 78 914 238 916 421 538 283 
Vol./Sq. Ft. (ml.) 0.5 0.1 0.7 0.2 1.4 0.3 0.3 0.2 
a Trace or less than 1 per cent. 
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The variety of forms eaten was greater at Station 3 in some cases and 
at Station 8 in others. This difference in variety of food items eaten 
was usually consistent throughout the summer for a given species. The 
amount of variety might be related to the high availability of more 
different forms at Station 3 and to the low availability of sufficient 
preferred forms at Station 8. The above conclusions seem to be sub­
stantiated by the bottom fauna populations at those two stations (Table 
10). From the amounts of bottom organisms available one might conclude 
that Station 3 would support a larger young-of-the-year fish population 
and this was true since the total catches for 1956 were 2,339 fish for 
Station 3 and 1,133 fish at Station 8. However, a larger proportion of 
the catch at Station 3, 82 per cent, consisted of primarily Entomostraca 
feeders, such as bluegills and pumpkinseeds and black crappies, than at 
Station 8, where only 49 per cent of the total catch were important 
Entomostraca feeders. Therefore, on the basis of the numbers of fish 
eating bottom fauna organisms, Station 8 supported more fish on less food 
or the fish population reduced the quantity of bottom fauna at that 
station. However, the former explanation seems more likely since physi­
cal differences between the two stations indicate that Station 3 probably 
could produce more bottom fauna than .Station 8. Another interesting ob­
servation was the apparent lack of availability or preferability of 
bligochaetes as young-of-the-year fish food even though the oligochaetes 
were among the more abundant bottom forms. 
Less data were available from which good comparisons of food habits 
of the young-of-the-year fishes and plankton abundance could be made. 
Phytoplankton was almost completely absent from the stomach contents of 
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the fish examined except for one yellow bass which appeared to have eaten 
a small quantity of Lvngbea. However, the importance of the phytoplankton 
in the overall food chain of these species cannot be doubted. Zooplankton 
and particularly Entomostraca constituted a major portion of the food of 
all species early in their development. Rotifers and protozoans, al­
though common in the plankton samples, did not appear to be important 
food items of the fish examined. Again, without making any quantitative 
estimates of numbers but rather by visual estimation of the relative 
quantities of planktonic material in the samples, Station 3 seemed to 
support a larger population of plankton. This latter fact would also 
indicate why Station 3 supported more fish, especially the zooplankton 
feeders, than Station 8. 
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YEAR GLASS ABUNDANCE 
One of the principal purposes of the annual seining in the Clear Lake 
investigations has been to get an estimate of the relative success of the 
various year classes of each species of fish. 
Table 11 compares the 1956 and 1957 catches of some young-of-the-year 
fishes from Clear Lake each week. It can be seen from the table that 
yellow perch, walleyes, yellow bass, black crappies, black bullheads, and 
white bass were more numerous in 1956 with the 1957 catches being about 
one-third to one-fifth of the 1956 catches. It is more difficult to 
determine which year class of largemouth bass and bluegills and pumpkin­
seeds were the stronger. Further information concerning the conditions 
at the time of sampling are needed to interpret the year class strength 
of these latter species. 
The larger catches of young largemouth bass captured during the early 
part of the 1956 season was largely due to the stocking of 75,000 finger-
lings into the. lake on June 6, 1956 (Madden, 1958). However, the catches 
of bass were not maintained throughout the 1956 summer and, therefore, the 
1957 year class should probably be considered stronger than the 1956 year 
class. 
Large catches of young bluegills and pumpkinseeds obtained during the 
latter part of the 1957 season were caused by a late hatch of these species 
occurring in early August. Obviously, on the basis of the last two or 
three weeks of data, there was little difference between the success of 
the two year classes. However, the subsequent survival rate for the late 
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hatched fish probably would be lower than the survival rate for fish 
hatched earlier and, therefore, the 1956 year class might be considered 
stronger. 
As mentioned before, prior to 1956 no standardized sampling pro­
cedure was followed at Clear Lake and, therefore, comparisons of year 
class success through 1955 are somewhat subjective. There were two types 
of information available from which comparisons might be made: (l) num­
bers of young-of-the-year captured and (2) field observations made by the 
Unit biologists and recorded in the Quarterly Reports of the Unit con­
cerning the relative abundance of each species. By combining these two 
sources of information, the various year classes might be classified 
roughly as good, fair, or poor (Table 12). Using, in addition, year 
class composition of adult fish samples, the above criteria have been 
applied by Carlander, et al. (1953) to the yellow bass and DiCostanzo 
(1957) to the bluegills and pumpkinseeds for Clear Lake. 
The classifications as given are quite subjective, but probably 
reasonably reliable over the period covered. However, they do not con­
sider relative year class abundance prior to 1949. It is probable that 
the yellow perch success even during the "good" years was not as large as 
it was 20 years ago before the yellow bass were firmly established. The 
variation between year class successes of young-of-the-year walleyes can 
be explained by a study currently being conducted at Clear Lake (Carlander, 
1949). Walleye fry have been stocked at Clear Lake for many years (Bailey 
and Harrison, 1945) without the value of the stocking program ever being 
seriously considered. In 1948 an alternate year stocking program was 
initiated to obtain data from which the strength of stocked year classes 
Table 11. Comparison of numbers of some young-of-the-year fishes captured by bag seine, Clear 
Lake, Iowa, 1956 (first line) and 1957 (second line). 
Species 
6/16-
6/23 
6/23-
6/30 
6/30-
7/7 
7/7-
7/14 
7/14-
7/21 
7/21-
7/28 
7/28-
8/4 
8/4-
8/11 
8/11-
8/18 
8/18-
8/2 5 
8/25-
9/1 
Yellow perch 9 144 123 304 116 106 132 123 122 67 102 
3 39 20 45 28 29 51 60 43 50 100 
Walleye 16 16 1 21 11 6 14 22 15 4 6 
0 1 2 1 0 0 0 0 0 2 0 
Largemouth bass 25 53 201 298 237 274 148 103 117 76 89 
0 0 1 4 40 107 646 218 218 115 144 
Bluegill and _ __ 0 69 133 2075 1621 1666 1916 1823 2282 
pumpkinseed - - 11 23 29 26 693 458 1133 2189 2257 
Yellow bass _ 1 1 1934 244 286 457 2891 899 2072 
- - 0 28 701 222 395 319 215 115 247 
Black crappie _ — 2 0 5 15 51 74 175 38 191 
-
- 0 3 11 5 23 17 40 1 26 
Black bullhead — 18 1580 1629 977 435 462 493 243 356 
-
- 0 0 22 148 137 179 260 346 292 
White bass _ _ — 2 36 24 115 92 16 25 
-
- -
- 0 4 8 2 3 7 17 
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Table 12. Classification of year class success as good, fair, or poor 
on the basis of young-of-the-year surveys and field obser­
vations, Clear Lake, Iowa, 1949-1957. 
Yellow perch Walleyes Largemouth bass Yellow bass 
Good Fair Poor Good Fair Poor Good Fair Poor Good Fair Poor 
1951 1949 1950 1950 1949 1951 1956 1949 1952 1950 1949 1953 
1953 1952 1954 1952 1953 1957 1950 1951 1952 
1955 1954 1956 1955 1957 1951 1954 1955 
1956 1957 1953 1956 1957 
1954 
1955 
Bluegills and 
Pumpkinseeds Black crappies Black bullheads White bass 
Good Fair Poor Good Fair Poor Good Fair Poor Good Fair Poor 
1951 1949 1951 1950 1949 1951 1950 1949 1949 1954 1950 
1953 1950 1954 1952 1952 1955 1957 1955 1951 
1954 1952 1956 1953 1953 1956 1956 1952 
1956 1955 1955 1954 1953 
1957 1957 1957 
could be compared with that of the year classes entirely dependent upon 
natural reproduction. Except in 1949 and in 1955 when fair numbers of 
young-of-the-year walleyes were seined, few or no representatives of the 
unstocked year classes, 1949, 1951, 1953, 1955, and 1957, have been col­
lected. Apparently stocking has increased the numbers of young-of-the-
year walleyes available to seining in Clear Lake. The year class success 
of the largemouth bass was aided in 1956 by stocking but other variations 
cannot be explained at this time. Yellow bass reproduction has been fairly 
successful in recent years while white bass were found in low numbers and 
were completely absent from the 1950 through 1953 collections. Whatever 
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relationship exists between the two latter species is not understood. 
Since 1949 the bluegills and pumpkinseeds have not suffered a complete 
failure and it seems likely that the success of these species may often 
be determined after the first summer of life. Black crappies have shown 
somewhat less variation than some other species. Black bullheads seem to 
undergo periods of good reproduction and periods of poor reproduction. 
From 1948 through 1950 and starting in 1955 and continuing through 1957 
reproduction by black bullheads was low while from 1945 through 1947 and 
from 1951 through 1954 good reproduction was observed (in part Forney, 
1955). 
If the data from Table 12 are rearranged according to calendar year, 
as in Table 13, it may be seen that in 1951, 1954, and 1956 conditions were 
favorable for the reproduction and early survival of several species of 
fish. On the other hand, only a single species had "good" success in 1949 
and 1955. Even the "good" success of white bass in 1949 did not produce 
as many fish as to be considered better than "fair" if compared on the 
same basis as the yellow bass. In no year was there a complete failure of 
more than two of the eight species considered. Also, most species had 
about the same success during a given year in five of the nine years. The 
most notable relationship between species occurred for walleyes and yellow 
bass which had about the same success in seven of the nine years. What 
effect the stocking of walleyes in alternate years had upon this relation­
ship is not known. Maloney and Johnson (1957) noted a direct correlation 
between year class success of walleyes and yellow perch but no such 
relationship was evident in this study. Bather than any relationship 
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Table 13. Rating of years according to the relative success of the 
young-of-the-year fishes3 (from Table 12). 
Year Good Fair Poor 
1949 W.B. Y.P., W., Lm.Bo, B.C. and B.B. 
Bg. & Psd., and 
Y.B. 
1950 W. and Y.B. Lm.B., Bg. & Psd., Y.P. and W.B. 
B.C., and B.B. 
1951 Y.P., Bg. & Psd., Lm.B. W. and W.B. 
B.C., Y.B., and 
B.B. 
1952 Bg. & Psd. and Y.P., W., B.C., Lm.B. and W.B. 
B.B. and Y.B. 
1953 Y.P., Bg. & Psd., Lm.B. and B.C. W., Y.B., 
and B.B. and W.B. 
1954 W., Bg. & Psd., Y.P., Lm.B., 
B.C., Y.B., and and W.B. 
B.B. 
1955 Y.P. W., Lm.B., Bg. & 
Psd., B.C., Y.B., 
B.B., and W.B. 
1956 Y.P., W., Lm.B., B.B. and W.B. 
Bg. & Psd., B.C., 
and Y.B. 
1957 Y.P., Lm.B., and B.C. and Y.B. W., B.B., and 
Bg. & Psd. W.B. 
a Common names abbreviated as follows: Y.P. - yellow perch; W. -
walleye ; Lm.B. - largemouth bass; Bg. & Psd. - bluegill and pumpkinseed; 
B.C. - black crappie; Y.B. - yellow bass; B.B. - black bullhead; and 
W.B. - white bass. 
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occurring between any pair of species it seems that factors which affect 
year class success affect most species in the same way at Clear Lake. 
The reasons why reproductive success and survival differ in various 
years are not easily discovered. Doan (1942) tried to relate the abundance 
of year classes of Lake Erie fishes to various meteorological and limnolog-
ical conditions, but found few significant correlations. 
Water temperature has a significant effect on the time of spawning 
of several species and, also, controls, to a great extent, the rate of 
development, hatching, and early growth. There are not sufficient data 
on water temperatures at Clear Lake for analysis, but in a shallow lake 
such as Clear Lake water temperatures fluctuate rather closely with air 
temperatures. Monthly mean air temperatures (Table 14) taken at the Mason 
City Airport, which is about two miles east of Clear Lake, did not appear 
to be correlated with the success of year classes of the eight species. 
Another factor which might have a major effect upon the success and 
survival of young-of-the-year fishes in Clear Lake is the amount of 
aquatic vegetation which may serve as cover and as a supporting surface 
for food organisms. The vegetation has not been quantitatively studied 
but an effort has been made to rank the years as to relative abundance of 
vegetative cover (Table 15). The yellow perch show the best correlation 
between abundance of vegetation and success of year classes. In 1950 
when vegetation abundance was low, yellow perch had very poor reproductive 
success. In 1954, 1956, and 1957 when vegetation was moderate, perch suc­
cess was rated as fair one year and good two years. In three of the four 
years when vegetation was rated as abundant, perch success was rated good. 
F j 
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Table 14. Average monthly air temperatures (degrees Fahrenheit) for 
Mason City Airport, Mason City, Iowa, 1949-1957.® 
Year May June July August Average 
1949 60.2 70.9 74.3 71.8 69.3 
1950 55.8 65.6 67.4 65.4 63.6 
1951 60.4 62.8 70.0 67.0 65.0 
1952 56.8 71.2 71.4 67.2 66.6 
1953 57.8 70.2 71.2 70.6 67.4 
1954 52.2 69.6 73.5 69.2 66.1 
1955 61.3 65.2 76.8 75.0 69.6 
1956 58.6 72.5 68.1 70.0 67.3 
1957 55.8 66.1 75.8 69.6 66.8 
Average 57.7 68.2 72.1 69.5 66.9 
a From "Climatological data. Iowa Section" of the U. S. Weather 
Bureau (1949-1957). 
Table 15. Abundance of aquatic vegetation in Clear Lake, Iowa, for the 
years 1950 through 1957s. 
Year 
1950 low 
1951 high 
1952 high 
1953 high 
1954 moderate 
1955 high 
1956 moderate 
1957 moderate 
a Parsons (1950) reported that vegetation was abundant in 194-5 and 
1946 but declined over the next 3 years. 
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Parsons (1950) suggested a relationship between aquatic vegetation and 
yellow perch abundance, growth, and condition. 
A very important factor affecting the abundance of young-of-the-year 
fishes may be the degree of prédation by larger fishes. Bailey and 
Harrison (1945) felt that prédation was the main factor maintaining a 
healthy balance among the fish populations of Clear Lake. Its importance 
can be appreciated when the elimination of the 1950 year class of yellow 
bass before 1951 was attributed by Carlander, et al. (1953) to the poor 
hatch of yellow perch in 1950 causing walleye prédation to be centered 
on the yellow bass. Also, the population of forage fish other than young 
game and pan fish as indicated by the bag seine catches is below 20 per 
cent of the total small fish population. Such a low population of minnows 
and other such forage fish would require that young game fish serve as a 
principal source of forage for larger fish. Fish which might serve as 
predators include most game and pan fish species found in Clear Lake 
(Table 3) and most notably walleyes, largemouth bass, northern pike, white 
bass, yellow bass, and black and white crappies. 
Very little direct evidence of prédation on young-of-the-year fishes 
was obtained during this study. Bag seine catches of fish older than age 
group 0 were mostly yellow perch, bluegills, yellow bass, and black bull­
heads. However, the 30 foot bag seine could not be considered an efficient 
gear for sampling larger fish. Of the adult fish captured in the seine, six 
largemouth bass, one walleye, and one black bullhead contained no young-of-
the-year game or pan fish. Food habit studies of some young-of-the-year 
fishes indicated that young walleyes, largemouth bass, white bass, and 
northern pike eat varying amounts of young fishes. 
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It was thought that decreases in numbers of fish captured through 
the season might give clues to the mortality rates of young-of-the-year 
fishes during their first summer. However, the catch data (Table 11) 
indicate no consistent decreases which might be attributed to mortality. 
Undoubtedly large numbers of young-of-the-year fishes must die during 
their first summer. However, such effects as new hatches, changed habits, 
and sampling variation seem to mask the effects of mortalities in the 
samples obtained from June to September. 
The fact that the two major environmental factors considered, air 
temperature and vegetation, were not closely correlated with year class 
abundance does not indicate that there was no relationship. Most likely 
the subjectiveness of the classification of year class abundance and the 
lack of extremes of temperatures and quantities of vegetation caused 
differences to be less obvious. It seems probable that if more precise 
estimates of year class abundance, water temperature changes, and vege­
tative abundance could be obtained, closer relationships could be 
detected. 
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GROWTH OF YOUNG-OF-THE-YEAR FISHES 
Both the physical and biological environment may affect growth. The 
effects of the environment are (l) physical changes which cause physiolog­
ical changes in the fish and (2) limitations of food, space, and other 
life requirements causing competition. Growth rates may thus be con­
sidered an index to the suitability of an environment. Knowledge of the 
growth of fishes during their first few months of life also yields in­
formation concerning the relationships between growth and the ability to 
survive and the speed with which an individual becomes of catchable size. 
Generally, if fish of a given species are smaller at the end of one sum­
mer in comparison to their size at the end of another summer, the smaller 
fish might be expected to suffer a higher mortality through prédation. 
The growth may be most easily determined by measuring the lengths of 
the fish collected on various dates. In some of the previous years stand­
ard lengths (from tip of snout to the end of the hypural plate) were used 
and in some other years total lengths were measured to the nearest tenth 
of an inch. In 1956 and 1957 all measurements were of total lengths in 
millimeters and all the previous measurements were converted to this form 
of measurement for the calculations which follow. Conversion of standard 
to total length was by means of the most appropriate conversion factors for 
each species reported by Carlander (1953). 
There are several ways by which growth data could be compared between 
years. A method suggested by Carlander, et al. (1953) consists of utilizing 
growth data collected from early July through September and fitting a 
straight line to these data. The regression for any one year then can be 
51 
compared with that of another year, with the regression of a standard year, 
or with an average regression calculated from data for several years. This 
procedure assumes that the growth during the interval used is essentially 
constant. Actually the growth during the latter part of the summer is more 
curvilinear for some species such as the yellow perch (Figure 2). How­
ever, deviations from the straight line regression probably will not cause 
serious errors of growth estimates and should not affect comparisons of 
growth between years if the deviations from a straight line do not change 
appreciably. 
The above method seems to be a convenient means of summarizing a 
large quantity of data. Only data collected from July 15 through August 
31 will be used since data are generally lacking for most species before 
or after these dates and during this time interval the growth rate is 
most likely to be constant for the species of fish being considered. Each 
day was numbered consecutively starting with July 15 as 1 and ending with 
August 31 as 48. Mean lengths for particular days or weeks were used 
rather than individual observations since calculations involved with the 
latter data would have been prohibitive. Also, if samples were small at 
the beginning and end of the season while large during the middle of the 
season, the calculated line might not represent the growth rate as 
accurately with all fish given equal weight as when means are used. The 
mean lengths for the 1956 and 1957 seasons were weighted means obtained 
by weighting the average length of the fish measured at a particular 
Station by the number of fish captured at that station. If the mean 
lengths represented an interval of several days, the corresponding date was 
considered as the median of the interval. 
Figure 2. 
Comparison of the calculated growth regressions for 
young-of-the-year yellow perch from Clear Lake, Iowa, 
1956, 1957, and the 1947-1957 base. 
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The growth for each species for each year may be summarized by the 
regression formulae which were calculated from the original data (Table 
16). For visual comparisons the regression lines may be plotted (Figure 
2). It seemed desirable to establish a basis for the evaluation of the 
growth rates for any given year. The data collected from 194-7 through 
1957 were used for this purpose (Table 16) although, for most species, 
data for all years during this period were not available. 
The results of these analyses of growth by use of the regression tech­
nique were quite erratic for some species during certain years. It is felt 
that these erratic results were largely due to small sample sizes and/or 
nonrepresentative samples. Since the base line was computed from data 
which might not be representative, a new line might be calculated later 
when additional reliable data are available. However, since the base line 
is primarily for purposes of evaluation and not to represent the true 
growth of a species, the bases calculated here might be considered adequate. 
A comparison of the growth by the various fishes between 1956 and 1957 
indicate that, in general, growth was better during 1957. Yellow perch, 
yellow bass, black crapples, black bullheads, and white bass grew at a 
faster rate during the July 15 through August 31 period of 1957 as indi­
cated by the regression coefficients, b, in Table 16. The above species 
were also longer by September 1 in 1957 than at the same date in 1956. Too 
few walleyes were captured during 1957 to allow any comparison for this 
species but the 1956 growth was the poorest of any year for which data 
were available. Largemouth bass grew faster in 1957 but were longer by 
September 1 in 1956. Stocking of bass larger than the natural reporduction 
June 6, 1956 would tend to explain both of these results. Bluegills and 
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Table 16. Regressions of growth from July 15 through August 31 for some 
young-of-the-year fishes from Clear Lake, Iowa. 
Number of Estimated length 
Species Year observations a b on September Ie 
Yellow perch 
1943 2 49.9 0.512 75.0 
1947 6 45.1 0.658 77.3 
1948 3 46.5 0.402 66.2 
1949 3 56.7 0.326 72.7 
1951 3 51.2 0.771 89.0 
1952 5 60.5 0.445 82.3 
1953 7 52.1 0.393 71.4 
1954 7 48.1 0.470 71.1 
1955 6 52.6 0.387 71.6 
1956 7 49.4 0.497 73.8 
1957 7 52.4 0.506 77.2 
1947-1957 54 51.6 0.462 74.2 
Walleye 
1943 2 78.6 1.544 154.3 
1948 3 78.1 0.725 113.6 
1949 2 106.6 0.490 130.6 
1950 10 62.5 1.104 116.6 
1952 3 86.7 1.507 160.5 
1954 6 83.6 1.221 143.4 
1955 3 86.5 1.367 153.5 
1956 7 59.4 0.662 91.8 
1947-1957 35 70.9 1.121 125.8 
Largemouth bass 
66.2 1943 2 57.0 0.188 
1949 2 9.0 1.800 97.2 
1950 5 22.2 0.640 53.6 
.® The estimated length of the fish in millimeters on July 14 or 
the a term in the regression formula - Y = a + bX. 
^ The estimated growth of the fish in millimeters per day between 
July 14 and August 31 or the b term in the regression formula - Y = a + bX. 
A c The estimated length of the fish in millimeters on September 1 = 
Y = a + b(49). 
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Table 16. (Continued) 
Species Year 
Number of 
observations a b 
Estimated length 
on September Ie 
1951 3 35.2 0.743 71.6 
1952 3 44.7 0.071 48.2 
1953 7 45.3 1.287 108.4 
1954 6 40.0 1.210 99.3 
1955 6 42.8 0.578 71.1 
1956 7 42.2 0.467 65.1 
1957 7 31.9 0.632 62.9 
1947-1957 46 38.2 0.788 76.8 
Yellow bass 
1942 4 42.4 0.508 67.3 
1947 8 33.5 0.541 60.0 
1948 3 43.6 0.530 69.6 
1949 3 41.4 0.655 73.5 
1950 6 25.9 0.593 55.0 
1951 4 33.9 0.661 66.3 
1952 3 28.7 0.725 64.2 
1953 5 34.5 0.888 78.0 
1954 6 31.5 0.753 68.4 
1955 6 43.7 0.581 72.2 
1956 7 39.6 0.494 63.8 
1957 7 34.5 0.724 70.0 
1947-1957 58 34.4 0.678 67.6 
Black crappie 
1943 2 30.0 0.869 72.6 
1947 5 27.7 0.728 63.4 
1949 2 49.9 0.329 66.0 
1950 7 14.7 0.272 28.0 
1951 4 31.3 0.584 59.9 
1952 4 33.7 0.927 79.1 
1953 7 35.6 0.654 67.6 
1954 7 25.9 0.667 58.6 
1955 4 36.6 0.361 54.3 
1956 7 23.1 0.689 56.9 
1957 7 28.4 0.770 66.1 
1947-1957 54 26.4 0.718 61.6 
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Table 16. (Continued) 
Number of Estimated length 
Species Year observations a b on September Ie 
Bluegill and pumpkinseed 
1943 2 22.2 0.175 30.8 
1949 2 6.5 0.819 46.6 
1950 3 11.8 0.160 19.6 
1951 3 16.4 0.554 43.5 
1952 4 22.4 0.240 34.2 
1953 7 16.9 0.433 38.1 
1954 7 18.2 0.233 29.6 
1955 6 18.2 0.418 38.7 
1956 7 18.4 0.306 33.4 
1957 7 19.9 0.192 29.3 
1947-1957 46 18.6 0.294 33.0 
Black bullhead 
1943 2 30.2 1.144 86.3 
1951 3 33.0 0.161 40.9 
1952 5 35.7 0.880 78.8 
1953 7 28.8 0.605 58.4 
1954 7 31.9 0.495 56.2 
1955 6 32.9 0.619 63.2 
1956 7 33.1 0.428 54.1 
1957 7 25.4 0.626 56.1 
1947-1957 42 31.2 0.556 58.4 
White bass 
1949 3 77.6 -0.410 57.5 
1954 5 41.6 1.512 115.7 
1955 6 63.3 0.760 100.5 
1956 7 47.0 0.974 94.7 
1957 6 44.2 1.084 97.3 
1947-1957 28 53.2 0.898 97.2 
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pumpkinseeds grew larger and faster in 1956 but the large late hatch of 
these species in 1957 would tend to bias growth estimates in the manner 
observed. 
Statistical tests may be applied to the regression data for purposes 
of comparing the growth rates and sizes of fish between years or between 
a year and the base. By use of covariance techniques (Snedecor, 1956, 
Chapter 13) the differences between regression coefficients, b, (the 
growth rate) and sizes of the fish adjusted to a common date may be evalu­
ated by the use of F tests. Essentially such tests would indicate whether 
the differences obtained might have been due to sampling variation or to 
real differences of growth. As an example of the procedures involved, the 
1956 and 1957 yellow perch growth regressions were compared (Table 17). 
As one might expect from visual inspection of the data in Table 16 and the 
plotted lines in Figure 2, there was no real difference between the growth 
rates for the two years (F = 0.01 where F - 4.96 with 1 and 10 degrees 
.05 
of freedom). However, the difference between the mean lengths adjusted to 
a common date, X, was highly significant (F = 9.76 where F ^  = 9.65 with 
1 and 11 degrees of freedom) and this too could probably be realized from 
Figure 2. These tests do not appear to reveal anything that cannot be 
readily seen from the data. The tests do, however, allow concrete state­
ments to be made concerning the comparisons instead of guesses as to the 
significance of observed differences. 
The sizes of the various species on July 14, a in Table 16, were com­
pared with the average temperatures (Table 14) for May and for June for the 
years 1949 through 1957 by the regression technique. There was no indi­
cation of a relationship existing between the size of fish on July 14 and 
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Table 17. Analyses of the differences between the growth rates and 
average sizes of young-of-the-year yellow perch from the 
1956 and 1957 year classes, Clear Lake, Iowa. (X = number 
of day beginning with July 15 and Y = total length of fish 
in millimeters). 
Error of the estimate 
Group df Sx2 Sxy b df SS MS 
1956 6 1372 68I.64 360.41 0.497 5 21.76 
1957 6 1372 693.73 369.28 0.506 5 18.51 
Pooled: 10 40.27 4.03 
Reg. Coef.: 1 0.05 0.05 
Common: 12 2744 1375.37 729.69 0.501 11 40.32 3.67 
Adj. Means: 1 35.81 35.81 
Total: 13 2747.5 1365.92 755.20 12 76.13 
Test of regression coefficients: F = 0.05/4.03 = 0.01. 
Test of adjusted means: F - 35.81/3.67 = 9.76** where F = 9.65 with 
1 and 11 degrees of freedom. 
** Significant at the 1 per cent level. 
May or June temperatures from the latter analyses. Both positive and 
negative regressions were obtained, 13 and 3 respectively, and only one 
correlation coefficient was statistically significant (r for yellow bass 
size on May temperatures = 0.68 where r = 0.63 with 8 degrees of free­
dom). Also the growth rates of the various species between July 15 and 
August 31, b in Table 16, were compared with the average temperatures for 
July, August, and July and August for the years 1949 through 1957 by the 
regression technique. Again, no relationship appeared to exist between 
growth rates and temperatures and 13 of the regressions were positive 
while 11 were negative which would further indicate a lack of any con­
sistent relationship. Martin (1952) also could detect no relationship 
between the growth rate of lake trout in Ontario lakes and temperature. 
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Taking the length on September 1 (Table 16) as an index, the various 
calendar years may be rated as to the growth of the young-of-the-year 
fishes (Table 18). In general few species showed good growth in 1950, 
1956, and 1957. Most species showed slow growth in 1950. It is of in­
terest that 1950 was the coldest summer of the period (Table 14)» Growth 
and vegetation (Table 15) seemed to be related. Young-of-the-year blue-
gills and pumpkinseeds, black crappies, yellow bass, and black bullheads 
all tended to grow faster or slower in proportion to the amounts of 
vegetation present. Whether the correlation between growth rate and 
vegetation was due to the effect of the vegetation as cover and a sub­
strate for food or some other factor affecting both growth and vegetation 
simultaneously is not known. 
There is no indication that years in which year classes were abundant 
were years in which growth was good (Table 19). The only species with 
which there was any relationship between the growth during the first 
summer and the abundance of the year class was the yellow bass. In the 
years when yellow bass were abundant growth was less than in years when 
yellow bass were less abundant. The above observation suggests intra-
specific competition. 
The growth data collected in 1956 and 1957 for some young-of-the-year 
fishes were used to compare the growth rates of the various fishes at 
various locations. The same general regression methods applied to compare 
growth between years was used except that the unit of observation was a 
weekly mean length estimate for particular stations instead of the weekly 
mean length estimate for all stations. First, the growth rates of a given 
species were compared between the stations at which over 10 per cent of 
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the total catch of the species being considered was captured and the 
stations at which less than 2 per cent of the total catch of the same 
species was captured for the period of July 15 to August 31 (Table 20). 
Such comparisons should indicate possible effects of intraspecific com­
petition. Next, growth rate comparisons were made for each species between 
the three stations yielding the highest total catches of all species and 
the three stations of lowest total catches (Table 21). The latter com­
parisons should indicate possible effects of interspecific competition. 
The interpretation of the growth regressions in Tables 20 and 21 
must be somewhat subjective since factors other than competition must have 
been involved. Population differences between years and changing food 
habits must be considered. Relationships between the habitat requirements 
of the various species must also be considered as well as the variations 
between habitat requirements for 1956 and 1957 which have been discussed. 
The interpretation will consider food as the main limiting factor and it 
is believed that this assumption will be substantiated in the following 
discussion. In view of the preceding qualifications the positive and 
negative indications of < competition will be discussed for each species. 
Yellow perch seem to have been their own most serious competitor. 
Even though yellow perch were fairly closely associated with largemouth 
bass, bluegills and pumpkinseeds, black crappies, and black bullheads as 
far as habitat requirements are concerned, their food habits were apparently 
different enough so that they only competed with themselves. 
Since a small sample of walleyes was available only in 1956, no def­
inite statement can be made concerning competition involving this species. 
It might be expected that no interspecific competition would affect wall-
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Table 18. Growth of some young-of-the-year fishes3 from Clear Lake, Iowa 
expressed as good, fair, or poor on the basis of the growth 
regressions in Table 16 for the years 1949 through 1957°. 
Year Good Fair Poor 
1949 Lm.B., Bg.&Psd., W. and B.C. Y.P. and W.B. 
and Y.B. 
1950 W. Lm.B., Bg.&Psd., 
B.C., and Y.B. 
1951 Y.P., Bg.&Psd., Lm.B. and Y.B. B.B. 
and B.C. 
1952 Y.P., ¥., B.C., Bg.&Psd. Lm.B. and Y.B. 
and B.B. 
1953 Lm.B., Bg.& Psd., Y.P. and B.B. 
and B.C., and Y.B. 
1954 W., Lm.B., Y.P., Bg.& Psd., 
and W.B. B.C., and Y.B. 
1955 W., Bg.&Psd., Y.P., Lm.B., 
Y.B., and B.B. and W.B. 
1956 Y.P., Lm.B., Bg. W., and Y.B. 
& Psd., B.C., B.B., 
and W.B. 
1957 Y.P. and B.C. Lm.B., Bg.&Psd., 
Y.B., B.B., and W.B. 
a Common names abbreviated as follows : Y.P. - yellow perch; W. -
walleye; Lm.B. - largemouth bass; Bg.& Psd. - bluegill and pumpkinseed; 
B.C. - black crappie; Y.B. - yellow bass; B.B. - black bullhead; and 
W.B. - white bass. 
k All species not represented in all years because of insufficient 
data from which to calculate growth regressions. 
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Table 19. Computed total length in millimeters as of September 1 for 
young-of-the-year fishes from Clear Lake, Iowa, classified 
as poor, fair, or good according to the abundance of the 
year class. 
Species Poor Fair Good 
Yellow perch - 71,73,77,82 71,72,74,89 
Walleye 108 131,154,160 92,117,144 
Largemouth bass 48 54,71,72,97,99,108 63,65 
Bluegill & 
Pumpkinseed - 20,34,39,47 29,30,33*38,44 
Black crappie 66 28,54,66,68,79 57,59,60 
Yellow bass 78 64,70,72,74 55,64,66,68 
Black bullhead 56 54,63 41,56,58,79 
White bass 97 95,100,116 58 
eyes at stations with high populations of other fish since their food hab­
its change to fish quite early and no other young-of-the-year fishes which 
eat fish to any great extent are present in Clear Lake in large numbers. 
The results of the regression analyses of largemouth bass growth were 
quite erratic. However, a trend towards both intraspecific and inter­
specific competition seems evident especially in 1956 when young-of-the-
year fish populations were larger. 
Bluegills and pumpkinseeds also possibly are affected by intraspecific 
and interspecific competition but a late hatch of these species in 1957 
makes interpretation rather difficult. 
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Table 20. Regressions of growth for some young-of-the-year fishes from 
Clear Lake, Iowa, calculated from the weekly mean lengths at 
stations yielding more than 10 per cent of the total catch of 
each species (top line) and stations yielding less than 2 per 
cent of the total catch of each species (bottom line), July 
15 - August 31, 1956 and 1957. 
Number of Estimated length 
Species Year observations a b on September Ie 
Yellow perch 
1956 12 51.5 0.37 69.6 
12 52.8 0,60 82.2 
1957 24 53.0 0.44 74.6 
6 49.5 0.66 81.8 
Largemouth bass 
1956 14 47.0 0.35 64.2 
14 34.8 0.60 64.2 
1957 20 32.2 0.67 65.0 
15 22.9 0.78 61.1 
Bluegill & Pumpkinseed 
1956 35 19.4 0.27 32.7 
18 15.7 0.31 30.9 
1957 31 20.6 0.15 28.0 
31 20.6 0.11 26.0 
Black crappie 
1956 17 23.8 0.65 55.6 
9 27.8 0.50 52.2 
1957 13 , 29.8 0.63 60.7 
4 28.9 1.08 81.8 
Yellow bass 
1956 13 38.1 0.52 63.6 
11 29.7 0.80 68.9 
1957 17 35.0 0.69 68.8 
4 37.1 0.77 74.8 
Black bullhead 
1956 11 33.9 0.34 50.6 
10 36.0 0.53 62.0 
1957 23 31.3 0.40 50.9 
4 2.9 1.34 68.6 
White bass 
1956 15 49.2 0.89 92.8 
4 52.9 0.76 90.1 
a The estimated length of the^fish in millimeters on July 14 or the 
â term in the regression formula - Y = a + bX. 
b The estimated growth rate of the fish in millimeters per^day between 
July 15 and August 31 or the b term in the regression formula - Y = a + bX. 
A c The estimated length of the fish in millimeters on September 1 = 
Î » a + b(49). 
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Table 21. Regressions of growth for some young-of-the-year fishes from 
Clear Lake, Iowa, calculated from the weekly mean lengths at 
the three stations yielding the largest total catches of all 
species (top line) and the three stations yielding the lowest 
total catches (bottom line). July 15-August 31. 1956 and 1957. 
Species Year 
Number of 
observations ï a b 
Estimated length 
on September Ie 
Yellow perch 
1956 17 52.5 0.52 78.0 
14 55.0 0.52 80.5 
1957 12 50.6 0.62 81.0 
7 52.7 0.50 77.2 
Walleye 
1956 8 56.3 0.75 93.0 
11 64.1 0.43 85.2 
Largemouth bass 
1956 14 38.9 0.49 62.9 
11 33.0 0.62 63.4 
1957 20 34.2 0.70 68.5 
Bluegill & Pumpkinseed 
1956 21 19.4 0.23 30.6 
19 14.9 0.42 35.5 
1957 19 22.2 0.11 27.6 
16 19.8 0.13 26.2 
Black crappie 
1956 12 24.5 • 0.59 53.4 
10 25.0 0.65 56.8 
Yellow bass 
1956 13 37.9 0.57 65.8 
17 39.3 0.56 66.7 
1957 6 32.8 0.86 74.9 
13 35.3 0.68 68.6 
Black bullhead 
1956 11 33.9 0.34 50.6 
6 36.4 0.50 61.0 
1957 19 32.7 0.32 48.4 
White bass 
1956 7 47.4 0.96 94.4 
12 46.8 0.96 93.8 
1957 2 41.8 1.07 94.2 
4 45.9 1.05 97.4 
a The estimated length of the^fish in millimeters on July 14 or the 
â term in the regression formula - Y = a + bX. 
b The estimated growth rate of the fish in millimeters per^day between 
July 15 and August 31 or the b term in the regression formula - T = a * bK. 
A c The estimated length of the fish in millimeters on September 1 * 
Y = a + b(49). 
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Evidence of competition influencing the growth of black crappies was 
limited to possible interspecific competition. The dependence of this 
species on Entomostraca as food which was also the main food of most other 
species early in the summer and to some extent all summer might explain the 
observed effects on black crappies. 
Yellow bass has consistently indicated effects of intraspecific com­
petition. The increased effect of intraspecific competition within large 
schools was indicated by data collected in 1956 (Figure 3). Since yellow 
bass were not associated with any other species as far as habitat require­
ments were concerned, no interspecific competition was expected. 
Black bullheads seemed to suffer both intraspecific and interspecific 
competition. Since this species tends to school and generally required the 
same habitats as yellow perch, largemouth bass, bluegills and pumpkinseeds, 
and black crappies, both types of competition might have actually affected 
the growth of black bullheads if food were the limiting factor. 
Relatively low numbers of white bass were collected which reduced the 
possibility of intraspecific competition involving this species. Since 
white bass were generally not found where other species were abundant, 
little evidence of interspecific competition involving this species was 
expected or obtained. 
Differences between growth rates at the various stations seem to have 
been related to large numbers of fish and common food habits. Therefore, 
food was probably the primary limiting factor. Competition might be 
strongest early in the summer when most species eat Entomostraca but effects 
at that time could hardly be detected with the data and techniques used in 
the above analysis. Since the reduced growth rates noted for the various 
Figure 3. 
Plotted growth curves for young-of-the-year yellow 
bass comparing the unweighted curve for all stations 
with the Station 4 curve to illustrate the relative 
size of fish in large schools with the overall pop­
ulation, Clear Lake, Iowa, 1956. 
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species could generally be explained by competition for food, it is be­
lieved that the effects of environmental changes such as low water levels 
were essentially small. Further support of this belief is the fact that 
water levels were even lower in 1957 than in 1956 but evidence of com­
petition was not as great. However, population levels were also lower 
in 1957 which does not exclude the possible effect of space on the growth. 
If the unit area per fish was less in 1956 than in 1957, it might be con­
cluded that the effect of space limitations on growth were stronger than 
food limitations. There are no quantitative data with which to prove or 
disprove either hypothesis. 
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SUMMARY BY SPECIES AND NOTES ON OTHER SPECIES 
Northern Pike 
During recent years the numbers of northern pike in Clear Lake have 
been largely dependent upon stocking (Ridenhour, 1957). Growth by this 
species is generally good and young-of-the-year over 10 inches in total 
length have been captured by the first of August. The stomach contents 
of only one young northern was examined during this study and it contained 
an unidentified fish. In 1956 the young northerns were restricted until 
they were about eight inches long to the weedier areas where they were 
stocked. Thereafter, they were captured in areas where cover was not 
particularly good. 
Channel Catfish 
Bailey and Harrison (1945) doubted that channel catfish could re­
produce in Clear Lake. However, in 1954 two young-of-the-year of this 
species were seined indicating at least some successful reproduction that 
year. Young-of-the-year channel catfish were fairly common in the bag 
seine catches of 1956 and 1957. Since most of the catfish captured have 
been seined at night, the lack of collections prior to 1954 might be ex­
plained by the very little night seining done before 1956. Whether 
natural reproduction can maintain the population of this species in Clear 
Lake remains to be seen. At present this species supports only a small 
portion of the total fishery (DiCostanzo and Ridenhour, 1957). 
Most of the catfish captured have been in habitats characterized by 
moderate vegetation and sandy bottoms. The food of two specimens examined 
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was Entomostraca, Hyalella. and immature insects. By September 1 this 
species averaged about two and one-half inches in total length. 
Black Bullhead 
Eyed eggs in black bullhead nests were observed as early as June 19, 
1957, but the young did not appear in the bag seine catches until mid-July 
of that year. They were first captured during the first week of July in 
1956. The young were generally concentrated in heavily vegetated areas 
where large schools could often be observed. In 1954 when a very large 
hatch of bullheads was observed the schools could be found around most of 
the lake. No stomachs of this species were examined during this study but 
Forney (1955) indicated that they eat Entomostraca and immature insects. 
Very large hatches of this species seem to be required to obtain suc­
cessful year classes. Little indication of fish older than age group 0 has 
been found for the 1955 and 1956 year classes when reproduction was not 
particularly good. In fact the cyclic occurrence of good and poor year 
classes mentioned earlier suggests the characteristics of a "bound" lake 
(Eschmeyer, 1937). Bailey and Harrison (1945) felt that prédation on this 
species was less than for some others but that it did occur. 
Yellow Bullhead 
Yellow bullheads were considered occasional in Clear Lake by Bailey and 
Harrison (1945) but very few young were captured by the Unit biologists un­
til 1956. It is believed that the main reason young-of-the-year of this 
species had not been collected in the past was because seining was gener­
ally restricted to the daylight hours. During this study numerous young 
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yellow bullheads were captured but usually at night. Just where they 
went during the day is not known except Bailey and Harrison (1945) indi­
cated that they may hide under stones and other objects. 
Generally yellow bullheads grew at the same rate as black bullheads. 
The stomachs of two individuals examined contained mostly immature insects 
and some Hyalella. 
White Bass 
While the yellow bass have been increasing in numbers during recent 
years, the white bass have declined (Lewis, 1950). The controlling mechan­
isms of this decline are not known. During the past four years white bass 
have reproduced successfully which they had not done from 1950 through 
1953. How the recent reproductive success compares with the reproductive 
success 20 years ago is not known but it is assumed that reproduction was 
much better earlier. Since this species does not seem to compete directly 
with yellow bass during their first year of life, there appears to be no 
relationship between the population changes which can be attributed to 
interspecific strife during the first summer of life. Relatively little 
is known about the spawning habits of the white bass. Bonn ( 1953) indicates 
that when running water which is their preferred spawning habitat is absent 
they will spawn on wind-swept points in Lake Texoma. Possibly the lack of 
suitable spawning areas has caused the decline of white bass in Clear Lake 
since there are no significant inlets to the lake. However, lack of suit­
able spawning areas does not seem to explain their earlier success and 
recent decline. Possibly there was sufficient inflow of waters during 
years of normal rainfall, whereas this inflow has been lacking in recent 
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drought years. Sigler (1949) noted fluctuations of the white bass popu­
lations of Spirit Lake, Iowa, and also considered the ability to reproduce 
a possible factor causing them. At Clear Lake increased prédation upon the 
eggs or newly hatched fry by the recent large yellow bass populations may 
be a factor. 
White bass did not appear in the seine catches until early or mid-July 
when they were approximately two inches long. There is no information 
available to indicate why this species was not collected earlier since 
Sigler (1949) felt that this species spawns during the last week of May 
in Spirit Lake, Iowa, which is quite similar to Clear Lake physically and 
geographically. During the summer the white bass seem to prefer the moder­
ately vegetated areas. Their food was predominately Entomostraca early in 
the summer but many insects, immature and adult, and some fish are eaten 
later. By September 1 most of the young white bass are about three and 
three quarters inches long. 
Yellow Bass 
Yellow bass apparently spawn during late May and early June around the 
Island and possibly near other rocky shores. Young-of-the-year yellow 
bass were first captured by seining about the first week of July when the 
fish were a little over one inch long. As for the white bass, the lack of 
young yellow bass collected before July cannot be explained. 
This species seems to prefer the sparsely vegetated areas and sandy 
bottoms. Often they are found in large schools in their preferred habitat 
but schooling was less apparent in other areas. They feed predominately 
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upon Entomostraça and some Hvalella and immature insects. Little compe­
tition seems to affect this species except from other young yellow bass. 
By September 1 they are usually about three inches in length. 
Yellow bass have been of particular interest at Clear Lake in recent 
years because of large population variations (DiCostanzo and Ridenhour, 
1957). Since its introduction some time prior to 1932 when they first 
appeared in the fishermen's catch (Bailey and Harrison, 1945), this species 
has become one of the most abundant species in Clear Lake. No real clues to 
the factor or factors controlling the population levels of this species were 
obtained during this study. 
Largemouth Bass 
Young-of-the-year largemouth bass first appeared in the bag seine 
catches in late June. They were mainly concentrated in areas of heavy 
vegetation. Their food was at first Entomostraca but they soon ate in­
creasing quantities of insects and some fish. By the first of September 
they were nearly three inches long although this species exhibits large var­
iation of growth rate and some individuals may be almost six inches long. 
Even though large numbers of young largemouth bass have been stocked 
into Clear Lake in recent years and natural reproduction has seemed success­
ful, the numbers of adult bass have not increased noticeably. Apparently 
the habitat needed by this species is not available in sufficient quantity 
to support a larger population. 
Smallmouth Bass 
Formerly smallmouth bass were fairly common in Clear Lake (Bailey and 
Harrison, 1945) but since 1943 only two young-of-the-year have been col­
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lected. There seems to be no obvious explanation for the practical elim­
ination of this species. Possibly environmental changes related to matu­
rity of the lake, increased housing development around the lake, and in­
creased boating activities have altered or reduced their required habitat. 
Bluegill 
Bluegills first appeared in the bag seine catches about the first or 
second week of July. The first sign of reproduction by bluegills during 
1957 was eyed eggs found in nests along the north shore in the bulrush 
areas on June 19. Apparently spawning by this species may continue through 
the first of August. The young can be found around the entire lake but 
were concentrated in areas of heavy vegetation. Their food was principally 
Entomostraca until they were about one and one half inches long when in­
creasing amounts of immature insects were eaten. 
Even though good hatches have been common for this species during the 
last few years, good survival of the year class beyond age group 0 has been 
limited to occasional years (DiCostanzo, 1957). Since there are young of 
this species entering the population throughout the summer, they are prob­
ably very important as a first source of fish food for the young predators. 
Pumpkinseed 
Pumpkinseeds seem to have about the same characteristics as bluegills. 
They are practically indistinguishable from bluegills when encountered in 
the field before they are somewhat over one inch in length. For this 
reason they have been lumped with the bluegills during this study. As an 
example of their relative abundance, an attempt was made to identify the 
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pumpkinseeds collected during the last three weeks of August, 1956, and 
they were found to constitute about U per cent of the total bluegill-
pumpkinseed catch. 
Black Grapple 
Black crappies were first caught with the bag seine during the first 
week of July. They were found principally in the heavily to moderately 
vegetated areas. Their food was almost entirely Entomostraca throughout 
the first summer of life. By September 1 they reached an average length 
of about two and one half inches. 
An age growth study on the black and white crappies of Clear Lake was 
made by Erickson (1952). 
White Crappie 
White crappies are less important to the Clear Lake fishery than 
black crappies. However, there was indication that the white crappies 
may become increasingly important. Generally, this species was not sampled 
with the 30 foot bag seine but there is reason to believe that the bag 
seine used during this study did not properly sample this species. Large 
numbers of white crappies were observed by the writer when the Lake Survey 
crew of the Iowa State Conservation Commission sampled Clear Lake in the 
summers of 1956 and 1957 with a 500 foot bag seine. These results seem to 
indicate that white crappies require the deeper open waters not sampled by 
the smaller seine. 
Other than habitat requirement differences, the habits of the white 
crappies appeared to be similar to those of the black crappies. The stomachs 
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of 20 fish were examined and their food was almost entirely Entomostraca 
with a few immature insects included. Their growth was slightly faster 
than that of black crappies and they were about two and three quarter inches 
long by September 1. 
Yellow Perch 
Young-of-the-year yellow perch first appeared in the bag seine catches 
about mid-June. They usually were found in heavily to moderately vegetated 
areas in association with young largemouth bass, bluegills and pumpkin-
seeds, black crappies, black bullheads, or walleyes. At first they fed 
on Entomostraca but later during the summer they ate large numbers of 
immature insects and Hvalella. By September 1 this species was usually 
about three inches long. The young yellow perch are important as forage 
for predator species and for walleyes in particular (Bailey and Harrison, 
1945). 
In recent years there has been a general decline of the perch pop­
ulation. Data collected during this study were inadequate to determine 
whether or not the reproductive success has declined since 1950. Repro­
duction has been fairly constant during the past four years but has been 
known to drop drastically during years when vegetation was sparse in Clear 
Lake (Carlander, et al.. 1953). 
Parsons (1950), in his life history study of this species in Clear Lake, 
included information relative to the young-of-the-year perch which tended 
to complement the information collected during the present study. 
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Walleye 
Young-of-the-year walleyes appeared in the bag seine catches about the 
same time as the yellow perch. A survey made during the 1956 spawning sea­
son indicated that walleyes spawn to some extent around most of the eastern 
end of the lake with the exception of the bulrush areas. Their principal 
spawning areas were around the Island, around Dodge's Point, and near the 
Outlet. Stocking of walleye fry has been conducted for a number of years 
and starting in 1949 when no stocking was done, stocking has been conducted 
every other year to determine the value of the program. Generally year 
class success has been best for those years when stocking was done. Préd­
ation on the eggs by other fishes and fungus killing the eggs are possible 
factors which were observed in studies on the efficiency of the natural 
reproduction in 1955 and 1956. 
The young walleyes seemed to require the moderately vegetated areas. 
Their food habits changed from Entomostraca to fish when they were about two 
to three inches long. Growth has been generally good with the fish reaching 
a total length of about six inches by September 1 during most years. 
Studies on the walleye populations of Clear Lake have been made by 
Cleary (1949) and Whitney (1954). 
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SAMPLING PROBLEMS 
Obtaining proper samples is one of the more difficult aspects of 
fisheries research. Too often too little thought is given to this aspect 
of the research program resulting in poor or, possibly, worthless data. 
In this section the procedure for the development of the Clear Lake seining 
program will be outlined. The levels of precision and sample sizes desired 
and obtained and the expected and unexpected sources of error and var­
iation will be considered. 
General Procedures and Review of the Project 
\ 
First, of course, the overall project must be outlined. What is the 
population to be studied? What knowledge is being sought- concerning the 
population? Additional questions concerning the sample itself are: (l) 
How large a sample is required? (2) What resources in terms of time, money, 
equipment, and personnel are available? and (3) What foreknowledge con­
cerning the population is available which might aid the research worker 
to increase the efficiency of the sampling design? After the above 
questions have been reviewed, the designing of the survey may proceed. 
In the present study, the population was the young-of-the-year game 
fishes of Clear Lake, Iowa. Information concerning year class success and 
growth were required. Food habits and ecological data were desired and 
were considered when the sampling scheme was developed. Sample size needed, 
which is related to the level of precision desired, was not known for all 
types of information being sought but, since primarily this was to be an 
exploratory type of study to obtain this information, the sample should be 
as large as the resources would permit. The seining program at Clear Lake 
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vas only part of the research program at the lake and, therefore, the 
time available for this phase was limited to about two days each week. 
Two Unit biologists were assigned to the lake. 
Actual population estimates of age group 0 fish are essentially not 
feasible. Some index must suffice to indicate the relative sizes of the 
various year classes (see Odum, 1953# p.92). For most comparative purposes 
the catch per unit of effort or catch per bag seine haul is the most con­
venient measure. The use of a standard to which various samples might be 
compared would be helpful. Once a standard has been designated, catches 
could be related to it and year class success determined in terms of the 
standard. Such a procedure would require standardization of the entire 
sampling technique. Since data from only two years, 1956 and 1957, were 
obtained in a comparable manner, it does not seem of value to establish a 
standard at this time. Interpretation of indices of year class strength in­
to terms of actual year class strength is difficult. Generally, a 100 per 
cent increase in survey catches would be considered to indicate a 100 per 
cent increase in the actual size of the population. There are reasons to 
believe that such an interpretation would be biased. These sources of 
error will be discussed but the original interpretation considering a one 
to one relationship between the index and the population should be used 
until further information is available. 
Design of the Survey 
Seining was considered the most appropriate method of obtaining a 
sample of fish since the fish were expected to be limited to the littoral 
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zone. Therefore, the sampling scheme must consider the requirements of 
the seine. Since a sample of game fish in sufficient numbers to yield an 
index to year class abundance was desired, it seemed best to seine as much 
as possible within the available time. However, the seining could not be 
restricted to one location since the probability of adequately sampling 
all species at any one location was expected to be small. Also, differen­
tial growth rates of fishes at different locations was suspected and 
information concerning the distribution of fishes around the lake was 
desired. In addition, food habit studies and possible diurnal differences 
in activity and distribution of the fishes required that sampling be con­
ducted at all hours of the day. On the basis of the above restrictions 
imposed by the different types of data being sought, stations located 
around the entire lake in each of the principal habitats to be sampled 
\ 
at all hours of the day were required for this study. 
Now that a general outline of the requirements of the sample has been 
developed, the sampling scheme may be considered. It was felt, in this 
study, that a rate of one seine haul per hour would be about as much as 
could be maintained when the measuring and counting of the fish and travel 
time were considered. On the basis of one haul per hour, 24 hauls could 
be made during one complete day allowing a maximum of 24 seining stations. 
However, to reduce the travel time and, also, to be able to obtain an 
estimate of variation between hauls within a station at a given time, two 
seine hauls were made at each of 12 stations. Analysis of the data by 
statistical methods requires randomization. Since 12 stations and 12 two 
hour periods were to be used, the randomization procedure for the Latin 
square design seemed appropriate and was easily applied. Sampling stations 
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were not picked at random since many locations around the lake were not 
seinable due to various obstructions. 
Precision and Sample Size 
Precision and sample size are positively related; i.e. as sample size 
increases, the level of precision of estimates derived from the sample 
will increase provided the sample is representative of the population. If 
from prior knowledge, an estimate of the natural variation is available, 
the sample size can be calculated so that a predetermined level of preci­
sion should be obtained. In the present situation the data collected prior 
to 1956 did not contain information which would allow an estimate of the 
sample size needed to detect any particular difference in year class suc­
cess. Some knowledge of the variation in sizes of fish was available so 
that sample Sizes needed to detect difference of mean length of given 
magnitudes could be estimated. However, since the 1956 and 1957 collections 
were primarily for survey purposes to determine, among other things, the 
amount of variation existing in the young-of-the-year fish populations of 
Clear Lake relative to year class success and growth, as much data as 
possible were collected with little consideration of the. levels of precision 
to be obtained. Projection of the knowledge gained in 1956 and 1957 into 
the design of future surveys was one of the primary objectives of this 
study. 
Since the data were collected following a Latin square schedule, 
analysis of year class success could follow the analysis of variance pro­
cedure for this type of design (see Snedecor, 1956, pp.304-307 or Cochran 
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and Cox, 1950, pp.103-112). However, an assumption implicit for the analysis 
of variance is that the errors be normally distributed. The above assump­
tion was not fulfilled by the catch per haul data for young-of-the-year 
fishes since many of the observations were zero; i.e. no fish of a given 
species were caught in many of the hauls. For example, 68 per cent of the 
hauls contained no yellow bass. Therefore, a transformation of the data 
should be made as follows (Kempthorne, 1952): 
No subscript for station is necessary since the station is specified by 
the time and the week. The transformed data may then be analysed in a 
straight forward manner. These procedures have been applied to the 1957 
young-of—the-year yellow bass catch data to illustrate the procedures 
involved (Table 22). Using the F test the variation among weeks was sig­
nificant (F = 2.389 where F = 1.88 with 11 and 110 degrees of freedom) 
• Up 
and the variation among times of day and among stations was highly sig­
nificant (F = 3.619 and 2.548 respectively where F ^  - 2.42 with 11 and 
110 degrees of freedom). These results are not surprising since the survey 
scheme used in 1956 and 1957 was designed to obtain the greatest amounts of 
variation from these sources as possible. Stations were picked to sample 
each of the major habitat types. Since a complete sample of the times of 
day and of weeks were used during the sampling period, all possible var­
iation related to these factors should have been obtained. 
where y^^ = the transformed value of x^j^ 
and = the catch of young-of-the-year fish of 
a given species in the ith haul of the 
jth time period for the kth week. 
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Table 22. Analysis of the transformed catch data for young-of-the-year 
yellow bass, Clear Lake, Iowa, 1957. 
Source of variation df SS MS 
Weeks 11 187.228 17.021 
Time 11 283.609 25.783 
Stations 11 199.707 18.155 
Error 110 783.766 7.125 
Between hauls/ same 
s ta. at same time 144 141.728 0.984 
Total 287 1596.038 
Weeksi F = 17.021/7.125 = 2.389* 
Time i F = 25.783/7.125 = 3.619** 
Stations: F = 18.155/7.125 = 2.548** 
F QJ = 1.88 with 11 and 110 degrees of freedom. 
F oi = 2.42 with 11 and 110 degrees of freedom. 
y = 518.062/288 = 1.799 
s- = / 7.125/288 = 0.1573 
*(.05,287) = 1*981 
C.I. = 1.799 ± (0.1573)(1.981) = 1.799 ± 0.312 
%' = (1.799)2+ 7.125 - 0.5 = 9.861 
C.I._i = 9.861 ± 1.981 J 2(7.125) {7.125/110 + 2(1.799)^/288} 
= 9.861 ± 2.209 
X = 2384/288 = 8.278 
X1 - x = 9.861 - 8.278 = 1.583 
* Significant at the 5 per cent level. 
** Significant at the 1 per cent level. 
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The mean square for error in Table 22 is an estimate of the variation 
of the transformed catch per haul data after variation due to weeks, time 
of day, stations, and hauls within stations made at the same time have 
been removed. This error term can be used to compute a confidence interval 
for the mean of the transformed catches as follows (Snedecor, 1956, p.76): 
G.I. = y ± s- t 
where y = the general mean of the transformed data, 
s- = the standard error of the mean of the transformed data 
which equals the square root of the error mean square from 
the analysis of variance table divided by the total number 
of observations, 
and t = Student's t obtained from a table (Snedecor, 1956, p.4.6) for 
the desired level of precision and the appropriate degrees 
of freedom which are the degrees of freedom for the error 
term in the analysis of variance table. 
The results of these computations for the 1957 young-of-the-year yellow bass 
catch data yields a 95 per cent confidence interval of 1.4-87 to 2.111 for 
the mean of 1.799. 
Differences between the mean catches per haul for any two years may be 
evaluated by making a pooled analysis of the data collected during the two 
years following a Latin square schedule. An F test of the difference between 
years can then be made by dividing the between years mean square estimate by 
the pooled error within years mean square estimate (F = between years mean 
square / pooled error within years mean square). If, by use of the F test, 
the difference between any two years is significant at.the 5 per cent level, 
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the interpretation would be that the difference in year class success be­
tween the two years was real unless a one in 20 chance of sampling had 
occurred. 
Since the relationship between the transformed data and the population 
is not proportional, direct interpretation of the mean of the transformed 
data into terms of the population or year class success is not possible. 
Therefore, the actual mean per haul for the data would be the best estimate 
to use to determine the magnitude of the difference in year class success 
between years. A retransformation of the mean of the transformed data back 
into terms of the original data could be made as follows9: 
= y2 + s2 - 0.5 
where x' = the retransformed general mean, 
y = the general mean of the transformed data, 
and s2 - the variance of the transformed data or the error mean 
square from the analysis of variance table. 
An estimate of the standard error of the retransformed mean follows as: 
s%' = / 2s2 (sy/df + 2-2/n) 
where s^' = the standard error of the retransformed mean 
df = the degrees of freedom for the error term in the analysis 
variance 
and n = the total number of observations. 
Therefore, a new confidence interval estimate can be computed for the 
retransformed mean as follows: 
C.I. = y2 + s2 - 0.5 ± t / 2s2 (sy/df + 2y2/n) 
where t = Student's t as previously defined. 
a The formulae for the retransformation and calculation of the con­
fidence interval for the retransformed mean were obtained from Dr. David 
Huntsberger of the Iowa State College Statistical Laboratory. 
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This retransformation, while not too complicated, involves some approxi­
mations which allow the addition of possible errors. In the present case 
the untransformed population mean, x, equals 8.278 while the retransformed 
population mean, y2 + s2 - 0.5, equals 9.861 which is a difference or 
error of 1.583 fish. Since all necessary interpretations concerning the 
precision of estimates and comparison of year class success between years 
can be accomplished from the transformed data, retransformation into terms 
of the original data is probably unnecessary but the limitations and 
relationships of these data should be realized when interpretations are 
made. 
The sampling schedule involving 12 stations was too extensive for 
future use. A design which would not reduce the precision of the estimates 
of year class success but which would require less effort would be desirable. 
Probably a design involving, for example, six stations, the six weeks prior 
to August 31, and the six two hour periods between 6:00 PM and 6:00 AM would 
be more acceptable. With this need to reduce effort in mind, the young-of-
the-year yellow bass data used in the previous analysis were restricted 
except that the number of stations could not be reduced. Since each station 
was not equally represented in each week and in each time period, these 
latter data could not be analysed following the Latin square model. There­
fore, no estimate of the variation among stations could be made and this 
variation was included in the error mean square of the analysis of variance 
table. 
With the above qualifications in mind an analysis of the data was made 
(Table 23). The resulting estimates of variance are probably more realistic 
than those in Table 22, since they are not deflated by such an excessive 
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number of zero observations (28 per cent compared to 68 per cent of all 
the data). The variation among weeks was now not significant. The var­
iation among times of day, 6:00 PM to 6:00 AM, was still significant (F = 
3.690 where F ^  = 2.60 with 5 and 25 degrees of freedom) but only sig­
nificant at the 5 per cent level as compared to the highly significant re­
sults obtained when all of the data were used in the analysis. No test of 
the variation among stations was possible as stated above. 
Obviously, the efficiency of the sampling effort was increased by 
restricting the data in the above manner. The mean number of fish caught 
per haul was 17.1 instead of 8.3. This was done by restricting the 
sampling to a period of the season and to times of day when the fish were 
more available and/or more susceptible to the bag seine. A further increase 
in sampling effort efficiency could be obtained by picking only stations 
at which large numbers of fish were captured. 
In the latter analysis the precision of the estimated catch per haul 
was not increased. The standard error of the means were 20 and 17 per 
cent of the means for the portion of the data and the entire set of data 
respectively. Apparently the increased variation and reduced degrees of 
freedom obtained in the latter analysis were not compensated for by the 
increased catch per haul. If the variation among stations were removed 
from the error mean square of the latter analysis of variance, that scheme 
would probably have been more precise. It should be remembered that, even 
though there was slightly less precision obtained using a portion of the 
data, these data represented only 72/288 or one quarter of the total effort. 
The data collected in 1956 and 1957 contained sufficient information 
for the estimation of precision and sample size requirements desired in 
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Table 23. Analysis of the transformed catch data for young-of-the-year 
yellow bass captured between 6:00 PM and 6:00 AM, Clear Lake, 
Iowa, July 21 through August 31, 1957. 
Source of variation df SS MS 
Weeks 5 27.438 5.488 
Time 5 161.463 32.293 
Error 25 218.772 8.751 
Between hauls/same 
sta. at same time 36 85.271 2.369 
Total 71 492.944 
Time: F = 32.293/8.751 = 3.690* 
F 05 - 2.60 with 5 and 25 degrees of freedom. 
y = 236.227/72 = 3.281 
By = / 8.751/72 = 0.349 
t(.05,71) = 1,994 
C.I.- = 3.281 ± (0.349)(1.994) = 3.281 ± 0.696 
%' = (3.281)2 + 8.751 - 0.5 = 19.016 
C.I.-' = 19.016 ± 1.994 / 2(8.751) {8.751/25 +2(3.281)2/72} 
= 19.016 ± 6.721 
x = 1232/72 = 17.111 
x' - x = 19.016 - 17.111 = 1.905 
* Significant at the 5 per cent level. 
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relation to the mean length of the young-of-the-year fishes in Clear Lake. 
It was felt that the variation among the lengths of any given species would 
be greatest at the end of the seining season. Therefore, only data col­
lected during the last week of August were analysed for the above infor­
mation (Table 24). The precision of the estimates were measured by use of 
confidence interval estimates which have been described previously. Esti­
mates of sample size needed to detect a predetermined difference from the 
mean were computed as follows8 (Cochran, 1953:Chapter 4 or Snedecor, 1956, 
p.60): 
n' = s^t^/d2 
where n1 - the estimated sample size needed to detect a desired 
magnitude of difference from the sample mean, 
s2 = the variance of the sample, 
t^ = the square of Student's t obtained from a table (Snedecor, 
1956;p.46) for n' - 1 degrees of freedom and the desired 
level of confidence, 
and d2 - the square of the difference from the mean which is to 
be detected. 
From Table 24 it can be seen that, for most species of fish, a large 
enough sample was measured to detect a 3 per cent difference from the mean 
length with 95 per cent confidence. Probably the precision of the estimates 
could not have been appreciably increased without a prohibitive amount of 
effort in the case of young-of-the-year walleyes and largemouth bass in 
1956 and black crappies in 1957. The precision of the estimated mean 
length for young-of-the-year black bullheads in 1956 and bluegills and 
pumpkinseeds in 1957 probably could have been increased to the desired 
a Other methods could have been used but this formula probably suffices 
if the 50 per cent chance that the estimated sample size is larger or smaller 
than required is realized. 
Table 24. Confidence interval and sample size estimates for some young-
of-the-year fishes from Clear Lake, Iowa, August 26 - September 
1, 1956 (top line) and August 25 - 31, 1957 (bottom line). 
Number Mean Estimated 
Species measured length Variance C.I.* n'b 
Yellow perch 93c 70.7 52.1 69.2-72.2 ' 50 
92° 72.9 27.1 71.8-74.0 25 
Walleye 6 89.3 138.3 77.0-101.6 80 
Largemouth bass 61.6 140.2 59.1-64.1 160 
132C 60.9 70.1 59.5-62.3 85 
Bluegill & 312e 30.7 31.6 30.1-31.3 150 
Pumpkinseed 247 27.9 49.5 27.0-28.8 270 
Black crappie 138e 52.6 17.0 51.9-53.3 30 
26 58.4 37.8 55.9-60.9 50 
Yellow bass 251e 63.6 18.8 63.1-64.1 25 
171e 65.5 33.8 64.6-66.4 40 
Black bullhead 99 51.9 66.0 50.3-53.5 110 
174e 54.4 85.2 53.0-55.8 125 
White bass 25e 89.7 20.8 87.8-91.6 15 
17e 90.1 13.1 88.2-92.0 10 
a 95 per cent confidence interval estimated for the sample mean. 
b Number of fish needed to estimate the mean within 3 per cent of the 
true mean with 95 per cent confidence. 
c The sample obtained was sufficient to detect a 3 per cent difference 
from the mean with 95 per cent confidence. 
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level if more of the fish which were captured had been measured. The 
regression analyses used previously were probably more accurate for com­
paring growth and mean lengths between years since the former method took 
advantage of information gathered over a several week period. 
Sources of Error and of Variation 
Factors which introduce error and sources of variation have two very 
different effects. Sources of error are those factors which will bias 
resulting estimates while sources of variation will affect the precision 
of estimates. As long as biases are consistent from year to year, they 
should not cause incorrect interpretations of year class success if they 
do not affect the assumptions made earlier. Biases affecting growth esti­
mates might cause serious errors when growth rates and mean lengths of 
fish are interpreted. Consideration of the possible sources of error and 
variation evident from direct observation and analysis of the data col­
lected should allow future surveys to be designed more efficiently.. During 
this study several sources of error and variation have become evident and 
will be considered under five general topics: (l) time; (2) stations; 
(3) habits of the fishes; (4) gear; and (5) meterological influences. 
These sources are often interrelated and the order of consideration is 
quite arbitrary. 
Large variations were expected in the size of the catches and catch 
composition in relation to the week and the time of day being sampled. As 
long as the same time periods are used each year, the data should remain 
comparable for year class success interpretation. Obviously, fish would 
grow each week and, therefore, the more weeks which are sampled the more 
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precise resulting growth rate estimates should be. However, the differ­
ences between the mean lengths of fishes caught at two different times of 
the day may or may not be expected to be the same. A comparison of the 
mean length estimates for each week for some young-of-the-year fishes from 
Clear Lake was made between fish captured from 6:00 AM to 6:00 PM and those 
captured from 6:00 PM to 6:00 AM (Table 25). The differences were quite 
inconsistent for those species considered. These inconsistencies indicate 
that there was probably little or no real difference between the mean 
lengths of young-of-the-year fishes captured during the day and those 
captured at night. Therefore, probably no serious error would be intro­
duced if sampling were limited to one of those two periods. 
The major factor affecting the variability due to stations was the 
difference between the habitats sampled. Differences in species com­
position and growth rates were expected between habitats on the basis of 
earlier observations. This latter assumption was supported by using yel­
low perch growth data collected in 1956 as an example (Table 26) although 
any species might have been used. Therefore, it is felt that all habitats 
should be sampled and an attempt was made to do this. As mentioned before, 
sampling of all habitats was complicated by the subjectivity of defining 
habitats. Resulting estimates of mean length of a given species should 
be weighted according to the numbers of fish caught at each station to 
obtain the best possible estimates. However, when the young-of-the-year 
yellow bass unweighted mean length estimates were compared with the 
weighted estimates it was found that the differences were neither con­
sistent nor large compared with the standard deviation of the length fre­
quency distribution of the measured fish (Table 27). The weighted esti-
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Table 25. Differences in millimeters between mean lengths of some young-
of-the-year fishes captured from 6:00 AM to 6:00 PM (D) and 
from 6:00 PM to 6:00 AM (H)a, Clear Lake, Iowa, 1956 (top line) 
and 1957 (bottom line). 
Date 
Yellow 
perch 
Largemth. 
bass 
Bluegill 
& Pmksd. 
Black 
crappie 
Yellow 
bass 
Black 
bullhead 
6/23-30 0.11(N) 
0.74(D) 
5.92(D) 
6/30-7/7 0.23(B) 
2.63(D) 
5.41(D) 
7/7-14 2.08(D) 
0.22(N) 
13.58(D) 2.07(H) 
7.50(D) 
1.48(D) 
7/14-21 8.05(D) 
0.95(H) 
0.04(D) 
4.39(D) 
2.25(D) 
2.55(H) 0.71(H) 
2.37(D) 
2.34(D) 
2.38(H) 
2.36(H) 
7/21-28 4.82(D) 4.84(H) 
1.72(H) 
1.84(D) 
1.00(H) 
0.20(D) 
1.67(D) 
0.53(D) 
3.25(D) 
0.25(H) 
1.68(H) 
7/28-8/4 4.30(N) 
6.14(D) 
6.95(H) 
4.06(D) 
0.19(D) 
0.15(H) 
0.66(D) 
3.05(D) 
1.43(D) 
2.37(D) 
2.75(H) 
8.80(H) 
8/4-11 4.95(D) 
2.06(D) 
5.62(D) 
7.98(D) 
4.43(D) 
2.07(H) 
0.12(H) 0.16(H) 
0.32(H) 
0.39(D) 
1.37(D) 
8/11-18 1.14(D) 
0.36(H) 
6.66(D) 
2.69(H) 
0.65(H) 
2.99(H) 
0.27(D) 
6.87(D) 
7.25(H) 
0.97(D) 5.26(D) 
8/18-25 4.11(N) 
1.02(D) 
3.05(H) 
7.42(H) 
0.50(D) 
0.33(D) 
2.09(H) 3.32(H) 13.81(H) 
9.29(H) 
8/25-9/1 2.20(N) 
2.23(H) 
7.15(D) 
7.70(D) 
0.21(D) 
0.32(D) 
1.45(D) 
1.48(H) 
3.11(H) 
4.81(D) 
13.43(D) 
9.86(D) 
9/1-8 
3.56(H) 1.60(D) 0.55(H) 2.33(H) 1.61(H) 0.51(D) 
a (D) and (N) are used to indicate whether the day or night mean 
length was the larger. 
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Table 26. Comparisons of numbers (top line) and mean lengths in milli­
meters (bottom line) of young-of-the-year yellow perch col­
lected at various stations at Clear Lake, Iowa, 1956. 
Stations 
Date 2 4 8 10 11 12 
6/24-30 15 9 0 1 2 16 
39 40 - 38 40 37 
7/1-7 6 2 0 3 3 44 
44 47 — 42 41 42 
7/8-14 8 2 1 0 1 138 
46 50 51 - 50 . 45 
7/15-21 5 0 4 2 4 88 
49 - 50 56 54 48 
7/22-28 5 4 26 0 1 54 
60 59 57 - 61 52 
7/29-8/4 24 4 9 0 3 56 
62 66 66 - 63 58 
8/5-11 11 1 4 1 4 86 
67 66 66 72 66 61 
8/12-18 14 9 9 3 2 51 
71 70 63 73 70 62 
8/19-25 3 0 19 1 6 16 
76 - 65 76 73 63 
8/26-9/1 19 3 26 4 5 39 
76 72 67 76 77 67 
96 
Table 27. Comparisons of unweighted and weighted9 estimates of mean 
length in millimeters of young-of-the-year yellow bass, 
Clear Lake, Iowa, 1957. 
Sample Mean Length Standard 
Week Size Unweighted Weighted Difference Deviation" 
7/7-13 28 29.14 29.14 0.00 2.80 
7/14-20 701 33.46 34.12 0.66 2.91 
7/21-27 222 42.48 42.68 0.20 3.91 
7/28-8/3 395 48.38 48.73 0.35 4.41 
8/4-10 319 53.47 53.51 0.04 4.97 
8/11-17 215 59.04 58.41 0.63 6.14 
8/18-24 115 62.03 61.63 0.40 5.83 
8/25-31 247 64.20 65.49 1.29 5.81 
9/1-7 142 68.49 68.33 -0.16 5.90 
9 Weighted - adjusted to total numbers caught in the sample at each 
station. 
b Calculated from the length-frequency distribution of the measured 
fish. 
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mate must still be considered the best estimate even though weighting 
does not seem too important in the above case. If the habitats were not 
sampled in proportion to their occurrence, as was considered accomplished 
during this study, a further weighting according to the proportion of each 
habitat type sampled might be in order. 
Two additional factors which would increase the variability of the data 
that were not considered when this study was initiated were homogeneity 
within the stations and adaptability of the stations to changing water 
levels. If the samples are not homogeneous within stations, the habitat 
being sampled cannot be accurately defined and weighting procedures be­
come more involved. Lack of homogeneity also would make analysis of habi­
tat requirements much more complicated. During the 1957 season Stations 
1 and 3 required relocation because of low water levels. Relocation of 
stations reduces the comparability of data from year to year and could 
reduce the validity of resulting year class success interpretations. 
Changes in the habits of the fishes between seasons may affect both 
year class success and growth rate estimates. Increased population size 
tends to cause individuals to occupy habitat which are not normally 
inhabited by that species. If expansion of habitat occupation is within 
seinable waters and if seining stations properly sample the different types 
of habitat, estimates should not be in error. If, on the other hand, move­
ment is into waters which are not or cannot be sampled properly, resulting 
estimates of year class strength will be lowered. This latter situation 
would reduce the validity of the assumption that there exists a one to one 
relationship between the index of year class success and the total year class 
abundance. However, at what population levels these effects start to occur 
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and how they occur is not known for the young-of-the-year fishes at Clear 
Lake. Until further information is available or better sampling techniques 
are devised, the interpretation of catch per haul relative to year class 
success discussed earlier should be followed. Changed habits involving 
specific size groups of young-of-the-year fishes would influence growth 
estimates. For the present it must be assumed that young-of-the-year fish 
of a given species are equally vulnerable to seining throughout the 
sampling period. 
Changes in the habits of fishes in relation to day and night should 
be considered before sampling could be limited to either of these periods 
of time. Again, as long as any changes are consistent between years, the 
year class success comparisons should remain valid. However, such changes 
may invalidate the assumption that the catch per haul is directly propor­
tional to the year class success. If the daily habits of a species 
changes during the sampling period or as the size of the fish increases 
which would cause a difference in their catchability, serious errors may 
occur in both year class success and growth estimates. If the larger fish, 
whether because of changed habits or increased agility, become less sus­
ceptible to capture by seining, both of the above estimates will be low. 
There was no evidence collected in 1956 or 1957 that would support the 
possibility of changed habits between night and day as the fish grew larger 
except for the young-of-the-year yellow perch. The relationship between 
catches at noon and midnight for most species were quite consistent 
throughout the season at Station 13 in 1957 (Table 28). However, yellow 
perch were more numerous in the noon catches early in the season and in 
the midnight samples late in the season. This species was obviously more 
Table 28. Comparison of bag seine catches at Station 13 of some young-of-the-year fishes from 
Clear Lake, Iowa, at noon (top line) and midnight (bottom line), 1957. 
Date 
Species 
6/23 
-29 
6/30 
-7/6 
7/7 
-13 
7/14 
-20 
7/21 
-27 
7/28 
-8/3 
8/4 
-10 
8/11 
-17 
8/18 
-24 
8/25 
-31 
9/] 
-7 
Yellow 5 11 28 18 13 s 7 10 1 2 
perch 3 7 16 33 30 56 14 89 5 21 3 
Largemouth 1 2 15 38 58 30 20 46 21 
bass — 1 15 57 59 93 38 27 16 
Black 1 — 
crappie 3 18 33 30 2 48 41 51 32 
Bluegill & 10 6 1 35 302 429 419 298 
Pumpkinseed 7 8 12 13 72 208 259 130 
Yellow 
bass 12 85 49 3 17 8 31 12 
Black 52 1 3 22 3 3 6 1 
bullhead 371 178 81 34 18 91 55 19 
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susceptible to seining at night late in the season which most likely was 
related to growth but no difference between mean lengths could be found for 
day and night catches as stated earlier. 
The selectivity of gear was not measured in this study. Even though 
several types of gear have been used at Clear Lake since 1942, the data 
are insufficient for any valid comparisons. However, some speculation is 
perhaps in order. It is felt that the gear used in 1956 and 1957, the bag 
seine with the cheese cloth patch, was probably the least selective of any 
which has been used at Clear Lake. The above gear was also considered the 
most efficient in terms of numbers of fish captured per haul. Small size 
allowing possible escapement of large fish and lack of durability are two 
disadvantageous features of the common sense seine. The bag seine without 
the cheese cloth patch probably was selective for larger fish. That there 
was some difference between the selectivity of the common sense seine and 
the bag seine was revealed somewhat by the estimates of growth by young-
of-the-year bluegills and pumpkinseeds in 1955 when the former type of gear 
was used during the first part of the season while the latter was used after 
July 31 (Figure 4). Growth estimates for other species did not reveal any-
selective action since by July 31 most of the other species were large 
enough to be caught in the one quarter inch mesh of the bag seine. The 
primary disadvantage of the electric shocker was the difficulty in recov­
ering stunned fish in weedy areas and turbid water. No catch data were 
recorded for the electric shocker and no statement concerning the selec­
tivity of this gear can be made. Any selective action caused by the gear 
acting against certain size groups of fish would result in biased growth 
estimates. Population indices might also be biased by gear selectivity 
Figure 4. 
Effect of change of sampling gear on the plotted 
growth curves for young-of-the-year bluegills and 
pumpkinseeds from Clear Lake, Iowa, 1955. 
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if fish of the same species are of a different size at the same date in 
different years. Actually the type of gear needed to obtain truly repre­
sentative samples of young-of-the-year fishes is probably yet to be found. 
Wind direction and strength and water temperature were recorded when­
ever a station was sampled. However, there were no obvious correlations 
between these factors and catches of young-of-the-year fishes in Clear 
Lake. These results might have been expected. One of the most important 
variables, habitat, is a result, in part, of wind action and water temper­
atures. Temperatures in shallow water are closely related to the time of 
day and, therefore, their effects are confounded by this important variable. 
Thus, the effects of these two factors were, if present, so confounded 
that they could hardly be measured in this study. If stations are prop­
erly picked and sampled, it seems reasonable to assume that any meteor­
ological effects might cause some additional variation but no errors. 
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A PROPOSED YOUNG-OF-THE-YEAR SURVEY SCHEDULE 
The survey of young-of-the-year fishes in Clear Lake has been reviewed. 
The information obtained fjom the survey, how the program was developed, 
how good the resulting estimates were, and some of the problems encountered 
have been considered. It should be possible now, to develop a more effi­
cient sampling scheme which can be used in the overall investigations at 
Clear Lake. The main types of information which will be required of the 
young-of-the-year survey are for estimates of year class success and 
growth of the fishes. The effort that was expended during the 1956 and 
1957 studies must be reduced. The precision of the estimates should be 
maintained or, if possible, increased. The comparability of the data col­
lected in different years must be considered for both year class success 
and growth estimates. The samples should allow unbiased estimates of 
growth to be made. 
Effort applied to the seining program can be reduced quite easily. 
Seining only during part of the season and part of the day and at fewer 
stations will obviously reduce the effort expended. However, reduction of 
effort should not be at the cost of reduced precision. Therefore, the 
main problem in the development of a new survey program is to obtain a 
balance between effort and precision. 
There are two ways by "which precision of estimates may be increased. 
First, the size of the sample may be increased and, second, the varia­
bility of the sample may be reduced. To increase sample size without 
increasing effort, the efficiency of the effort must be increased. By 
limiting the effort to times of the season, times of the day, and stations 
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where more fish are available to seining, more fish can be captured per 
seine haul. At Clear Lake, catches were largest from about mid-July 
through August. Most species of fish were more susceptible to seining 
during the night and, in fact, some species may hardly be sampled if 
seining is limited to the daytime. Picking of stations is more subjective 
and requires picking stations at which, not only large numbers of fish can 
be captured, but large numbers of as many species as possible can be col­
lected. 
The comparability of data collected in different years should present 
less of a problem. As long as the same times of the year and of the day 
and the same stations are sampled in the same manner with the same gear 
each year, the resulting data should remain comparable. Differences in 
habits of fishes between years would not be expected to vary to any great 
extent. Caution should be taken to pick stations which will not be 
appreciably affected by such factors as water level or shoreline develop­
ment causing the habitat being sampled to be changed. This latter factor 
could cause some difficulties since future changes at a lake cannot be 
readily predicted. 
Obtaining samples from which unbiased estimates of growth can be 
derived is another difficult problem. The simplest procedure to obtain a 
representative sample would be to randomly sample all areas occupied by 
young-of-the-year fishes. To sample at random all areas occupied by fish 
and to obtain large samples would require more effort than will be avail­
able for this portion of the program at Clear Lake. Therefore, not only 
stations at which large numbers of fish of each species are captured will 
be needed, but stations at which the average growth by each species is 
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generally representative of the growth of the fishes over the entire lake 
are required. Stations must be picked so that one where poor growth is 
generally exhibited by a given species is balanced by one where good growth 
is made by that same, species. 
On the basis of the above considerations a young-of-the-year sampling 
program will be proposed for Clear Lake. Samples from which growth esti­
mates can be derived will be collected during the seven week period from 
July 15 to August 31. The first week of sampling should be randomized 
but be independent of the last six weeks. Year class success studies will 
include the six week period preceding August 31. Seining will be limited 
to the hours from 6:00 PM to 6:00 AM with six two hour sampling periods 
being established within that time interval. Stations 2, 3, 5, 8, 10, and 
12 will be used. Two bag seine hauls will be made at each station each 
time that station is sampled. Counts of all fish captured will be made 
for each seine haul and 30 fish of each species, if that many are available, 
should be measured each time a station is sampled. Obviously, the above 
sampling scheme is somewhat arbitrary. An attempt will now be made to 
qualify the proposed scheme. 
The time interval of July 15 to August 31 was proposed for the growth 
studies since growth seems to be most nearly constant during this time 
period. Also, all species should be available for seining by July 15 and 
no effort will be wasted collecting no or few fish. August 31 is the end 
of the time period because the academic year restricting the activities of 
most Unit biologists at Clear Lake starts in early September. Also, growth 
could be expected to slow down at an increasing rate starting sometime in 
September. 
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A seven week schedule for growth studies and only a six week schedule 
for year class success studies was proposed for four reasons. First, as 
many estimates of mean length as possible are needed to obtain the best 
estimate of growth rate. Six weeks were proposed as the basis of year 
class success estimates for ease of randomization and analysis since, with 
other qualifications, the Latin square model may then be used. The week 
prior to the start of the six week schedule allows new workers to become 
acquainted with the stations,gear, and techniques used without endangering 
the comparability of year class success information. Finally, if any 
alteration of procedure is required due to changes between years of gear, 
stations, or techniques, these changes can be settled at that time. 
Actually, the first week of seining is not so important to the growth esti­
mates that it could not be eliminated during any one year if complications 
cause the data to be obviously nonrepresentative. 
Seining has been restricted to 6:00 PM to 6:00 AM for two basic 
reasons. First, such a restriction reduces the total effort in half and, 
second, the catch per haul should be increased making the effort more 
efficiently spent. Since there seems to be no real difference between 
mean lengths of fish caught at different times of the day, growth estimates 
should not be biased. If catches of fish were constant during the hours 
of complete darkness, seining might be conducted at the various stations 
irrespective of the time other than it be done during a period of total 
darkness. A survey of the data does not indicate that the above assumption 
is entirely realistic (Table 29). There always remains the chance that 
the fishes are not equally susceptible to seining during the hours of 
darkness. Therefore, it seems best to design the survey so that this 
Table 29. Total 1956-1957 bag seine catches for each two hour period of the day of some 
young-of-the-year fishes8 from Clear Lake, Iowa. 
Time Ï.P. W. Lm.B. Bg.& Psd. B.C. Ï.B. B.B. W.B. Total 
6-8 64 8 114 626 4 1 90 0 907 
8-10 143 10 390 1,495 9 1,785 930 0 4,762 
10-12 107 8 181 2,130 28 2,117 158 4 4,733 
12-14 47 12b 244 1,712 21 511 71 5 2,623 
14-16 61 30b 219 3,006 12 794 462 5 4,589 
16-18 117 11 190 2,276 5 2,076 480 2 5,157 
18-20 123 10 456 2,471 152 264 970 52 4,498 
20-22 195 9 575 2,131 87 319 522 44 3,882 
22-24 237 4 239 1,480 151 404 1,439 54 4,008 
0-2 272 20 145 600 41 758 1,759 77 3,672 
2-4 218 6 353 2,299 171 1,071 523 101 4,742 
4-6 179 13 I84 1,017 35 1,069 521 18 3,036 
Total 1,763 141 3,290 21,243 716 11,169 7,925 362 46,609 
a Common names abbreviated as follows: Ï.P. - yellow perch; W. - walleye; Lm.B. - large-
mouth bass; Bg.& Psd. - bluegill and pumpkinseed; B.C. - black crappie; Ï.B. - yellow bass; 
B.B. - black bullhead; and W.B. - white bass. 
b Catches of 87 and 83 walleyes at 12-14 and 14-16 respectively on June 10-16 not 
considered representative, and therefore, not included in these totals. 
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source of variation might be measured. Also, it would be doubtful that 
six stations could be sampled entirely within the hours of darkness of 
one night requiring the sampling to be conducted during two or more nights. 
The extra effort required in preparation for two nights of sampling would 
not seem to increase the efficiency over that of the schedule which has 
been proposed. 
Six stations have been proposed to allow the major habitat types to 
be sampled and to insure that a large enough sample of each species is col­
lected each week. There are few locations at Clear Lake where space would 
permit more than two seine hauls of about 75 feet each to be made parallel 
and next to the shoreline. The six stations, 2, 3, 5, 8, 10, and 12, have 
been selected on the basis of the catches obtained at those stations in 
1956 and 1957 with some consideration of their future seinability. Better 
stations possibly exist but, once a series has been selected, careful 
consideration should be given before any further changes are made. Certain 
adjustments should be made with the stations proposed in relation to 
permanence and homogeneity. Once the stations are firmly established 
their descriptions should be made and recorded so that no confusion could 
exist in the future concerning where to seine. 
Counts of all fish captured are required for estimates of year class 
success. The number of fish measured is arbitrary. It has been shown that 
30 fish of each species measured each time a station was sampled generally 
yielded estimates of mean length which were precise enough for the purposes 
of this study. To obtain a desired level of precision more or fewer fish 
may be measured depending upon the numbers captured and the variation en­
countered. 
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SUMMARY 
1. Data relative to year class success and growth of young-of-the-
year fishes of Clear Lake, Iowa, have been collected by Iowa Cooperative 
Fisheries Research Unit biologists each summer since 1946. A more inten­
sive survey was conducted during the summers of 1956 and 1957 when a 
systematic sampling procedure was followed. 
2. Although the young of 1U species of game and pan fish were collected 
during this study, only eight species, yellow perch, walleye, largemouth 
bass, bluegill, black crappie, yellow bass, black bullhead, and white bass, 
were numerous or important enough for intensive study. 
3. Seining stations were established at 12 locations around the entire 
shoreline in 1956 and 1957 to sample all habitats. The sampling schedule 
followed the Latin square model using weeks as columns, time of day as rows, 
and randomizing stations within the square. Station 13 was established in 
1957 to measure differences between catches at noon and midnight but was 
not sampled according to the Latin square schedule. Prior to 1956 the 
sampling scheme was not systematic except that samples were usually taken 
every week during each summer. 
4. In all years information relative to numbers and growth of the 
young-of—the-year fishes was collected. The 1956 and 1957 collections 
included, in addition, data on the higher aquatic plants, the food habits 
of the fishes, and the composition of the plankton and bottom fauna. 
5. The young-of-the-year fishes could be divided into three groups on 
the basis of their habitat requirements and associations. Yellow perch, 
largemouth bass, bluegills and pumpkinseeds, black crappies, and black bull­
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heads seemed to require the more heavily vegetated areas. Walleyes and 
white bass were more abundant in moderately vegetated habitats. Yellow 
bass seemed to require habitats characterized by sparse vegetation and 
sandy bottoms. 
6. The food of all young-of-the-year fishes examined was primarily 
Entomostraca early in the summer. Later, as the fish grew larger, immature 
insects, Hyalella. and fish increased in importance as fish foods. 
7. The abundance or success of year classes of the various species 
were classified as good, fair, or poor on the basis of the total catches 
and observations made by the Unit biologists. Generally, 194-9 and 1950 
were poor while 1951, 1954, and 1956 were good years for the success of 
most species. Walleyes showed better success during years when they were 
stocked than when they were not stocked. 
8. Growth was represented by a straight line regression calculated 
from the mean length estimates obtained from July 15 through August 31. 
Differences of growth between years may be evaluated by analysis of 
covariance techniques. 
9. Year class success and growth showed no apparent correlation with 
the mean monthly air temperatures. Generally, year class success and 
quantity of aquatic vegetation present showed no relationship but growth 
of the young-of-the-year fishes seemed to be positively related to quantity 
of aquatic vegetation. 
10. Possible effects on growth by intraspecific competition were 
detected to varying degrees among young-of-the-year yellow perch, large­
mouth bass, bluegills and pumpkinseeds, yellow bass, and black bullheads. 
Interspecific competition seemed to affect young-of-the-year largemouth 
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bass, black crappies, and black bullheads. Food was considered the primary 
limiting factor although other factors and particularly space limitations 
may have been involved. 
11. The procedure for the analysis of year class success was outlined 
following the analysis of variance of the Latin square model. Since all 
species were represented by zero catches in some hauls, it was necessary 
to transform the catch per haul data by adding 0.5 and taking the square 
root of the sum (y = >/x + 0.5). For the time being a one to one relation­
ship was assumed to exist between the catch per haul and the year class 
abundance. The year class success differences between any two years may 
be evaluated by an analysis of variance of the pooled Latin squares. No 
statistical comparisons were made since data collected in different years 
were not truly comparable because of different sampling procedures used. 
12. Sample sizes needed to detect a 3 per cent difference from the 
mean length of the fish were calculated. The length frequency distributions 
of the fish measured the last week of August in 1956 and 1957 were used for 
the calculations. For most species about 100 fish per week were all that 
would be needed to obtain the desired level of precision and, in most cases, 
a sufficient sample had been measured. 
13. Possible sources of error and variation were considered. No real 
difference between sizes of fish caught during the day and those caught at 
night could be detected. Variations of numbers and sizes of fishes at 
various stations or in various habitats make weighting of growth estimates 
advisable. The daily variations of the availability for seining of most 
species seemed to be consistent throughout the season. The bag seine with 
a cheese cloth patch in the bag used in 1956 and 1957 seemed the most 
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efficient and least selective gear used. Meteorological influences on 
the growth estimates or catches were not discernable. 
14» A future young-of-the-year survey schedule was proposed on the 
basis of information obtained during this study. Sampling should be con­
ducted with a bag seine with two hauls made at a station every two hours 
so that six stations are sampled once each week between 6:00 PM and 6:00 
AM. Sampling for growth studies and year class success studies would 
be limited to the seven weeks and the six weeks prior to August 31 
respectively. Randomization for the first week should be independent of 
the last six weeks which should be randomized following the general 
procedure for the Latin square model. Total counts of all species cap­
tured should be recorded for each seine haul and at least 30 fish, if 
that many are available, should be measured each time a station is sampled. 
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